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SUMMARY 
Economic uncertainty is the foremost problem in Iowa agriculture. 
Because of the several forces which have their roots in uncertainty, 
farmers produce the wrong combinations of crops and livestock. Pro-
ducts are often produced by techniques and on scales which are in-
consistent with the most efficient use of agricultural resources. Per-
fect foresight in farming would allow perfect decisions in the use of 
all resources. While perfect foresight is impossible, . the sources of 
uncertainty in the form of yield, cost and price variability can be 
analyzed. 
The current study is a fundamental one dealing with (a) the basic 
nature and relationships of variability in primary or crop production 
in Iowa, (b) the possibilities of lessening and minimidng variability 
through diverSified production patterns and resource use and (c) the 
fundamentals of choice dealing with alternatives of income and vari-
ability. 
Analysis of variability in crop income involves use of historic yields, 
prices and cost figures. Two samples were designed to allow income 
variability estimates for the major soil areas of Iowa and for the state 
as a whole. One was a stratified sample with random selection within 
strata; the other was a purposive sample selected to represent specifiC 
soil associations. 
Variability measures used in this study were the "mean of squared 
differences," the square root of this measure and the ratio of the latter 
to the mean of the series of crop yields, incomes or costs. Comparisons 
of the relative magnitude or ranks between crops, crop combination and 
locations were facilitated by these measures. Limitations in the use 
of these measures caused by auto-correlation of observation in the 
series, lack of normality in the distributions and price and yield trends 
are discussed. Difficulties in the use of statistical tests are also 
taken up. 
SECTION 1. DEGREE OF VARIABILITY 
1. Variability of yields and costs are presented first. Combinations 
of the sources of variability are made through estimation of gross in-
come variability which includes prices and yields and their effects. 
Measures of net income variability were calculated to illustrate the 
effects of all three sources of variability together. Both the variances 
and coefficients of variation for yields, gross incomes and net incomes 
of crops are presented. 
2. In the state as a whole, corn offers least average variability on 
the basis of dispersion relative to the mean income. Oats are most 
variable. Soybeans, flax and wheat in order of least variabllity are 
intermediate between corn and oats. 
3. Since variability within cropping areas is most meaningful to 
individual farm plans, estimates of variability of crop yields, cost, gross 
and net income are presented for each of the five sample areas. Greatest 
variability for all crops tended to be in western and southern areas 
where drouths are most prevalent. Significant differences exist between 
areas in yields and net income variability ('5 percent level) although 
costs and gross do not vary significantly. 
4. Within areas, coefficients. of variation for yields and gross in-
comes did n()t vary significantly between crops. However, the relative 
variabilities of costs and net incomes were different between crops 
within areas. 
5. A sample of 14 townships, each considered representative of a-
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specific soll association used to estimate variability of yields and in-
comes on particular soil types, indicated Tama·Muscatine-Garwin and 
Clarion-Webster-Nicollet as having lowest relative variability of yields, 
while Shelby-Seymour-Edina and Grundy-Haig-Shelby have the highest. 
Relative variability of net incomes tended to follow a similar pattern. 
SECTION II. DIVERSIFICATION AND CROP COMBINATIONS 
WHICH MINIMIZE INCOME VARIANCE 
1. The second major portion of this study deals with the manner in 
which income variability can be lessened through diVersification or 
alternative crop combinations. It illustrates the amount of variability 
which accompanies each level of income and predicts the amount by 
which income must be sacrificed for a given reduction in income vari-
ance through alternative combinations of crops. 
2. The pure theory of minimizing income variances Is set out, both 
in ordinary logic and mathematical form. The combinations of crops 
that will minimize income variability for selected townships are speci-
fied. 
3. For each specific location (soil area), the variance and co-
efficient of variation of net income are worked out with crops com· 
bined in varying proportions. The relationship between level of in-
come over time and variability under each crop combination is illus-
trated by tables and figures. ComplementarY and competitive ranges 
between level of income and income variability are uncovered when 
crops are combined in varying proportions in each township (soil area). 
4. The extent to which the operator should select the possibility 
of higher income while sacrificing possible stability of income, or 
greater stability at a sacrifice in income, depends on many factors in-
cluding his own preferences or dislike for risk, his capital and equity 
position, the scale of his operations and his family responsibilities. 
5 .. Diversification as studied here is a planning procedure to meet 
uncertainty. Minimization of income variance is a short·run pro-
duction pattern which prevents bankruptcy; the farmer is able to "stay 
in the game" so that he has an opportunity to maximize returns in the 
long run. 
6. The attainment of Individual income stability through diversi-
fication involves less efficient use of resources than would otherwise 
be necessary. Society sacrifices since less total product is produced 
from given resources. While society cannot eliminate the variations 
in production, it can exercise precautions which offset the income effects 
of- major fiuctuations in yield and production. Stable farming patterns 
become an intermediate goal of farming that should be recognized by 
land·grant colleges. However, some of the greatest opportunities for 
handling the variability problem fall at the national level and require 
economic policies on a large scale. 
Economic Instability and Choices 
Involving Income and Risk 
In Primary or Crop Production 
By .EARL O. HEADY, EARL W. KEHBBEEG AND EMIL H. JEBE 
Each year 200,000 Iowa' farmers go about making production plans. 
The combinations and amounts of specific crops and livestock to be pro-
duced on each farm must be decided annually. Similarly, decisions 
must be made for longer-term investments such as the purchase of a 
farm, the construction of buildings or the purchase of breeding stock, 
equipment and machinery. Unfortunately, ours is a changing world; 
the prices which prevail when the farmer makes his production and in-
vestment plans may have little relationship to those which prevail 
after costs have been committed and the harvest is ready for the market. 
Then, too, the mere "planning to produce" 50 bushels of corn to the acre 
provides no assurance that this yield will in fact be realized; drouths 
and corn borers do not broadcast their intentions in advance. 
Ellicient farming demands that the procedure of making production 
and investment decisIons be more than a hit or miss allair. The ap-
proximately 1.5 billion dollars in annual produce from Iowa farms and 
the 10 billion dollars in capital and 250,000 man·years in labor Which 
go into it represent an important fraction of the nation's total reo 
sources used in agriculture; it is a major part of the resources used 
in the total industry of Iowa. The most important force standing in 
the way of perfection in the use of the state's capital, labor, land and 
management resources is uncertainty or imperfect knowledge in pre-
dicting price and yield outcomes. With perfect foresight in predicting 
prices and yields of the future, the farmer could make highly successful 
decisions. The gains in yields and production rates forthcoming from 
changes in techniques would be relatively unimportant in farming 
success; ability to predict price and income of the future could have 
much greater importance in attainment of wealth and high levels of 
living by the farm family. 
Economic uncertainty is the foremost problem of Iowa agriculture. 
If it were not for economic uncertainty, problems of limited 'capital 
would disappear as would most of those involving tenure difficulties; 
in the absence of uncertainty in, the, production and decision.making 
process, capital would generally be available in unlimited quantities. 
and fewer resources would be rented by farmers. Perfect foresight in 
farming would allow perfect decisions, in the use of all resources. Great 
strides have been made in improving the techniques of producing crops 
and 'livestock, yet little progress has, been made even in elementary 
analysiS of those facts of uncertainty which: plague farmers in making 
annual production decisions or long-term investment· decisions. 
Inefficient use of 'resources will continue in agriculture so long as 
decisions must be made in a highly uncertain environment; the farmer 
sacrifices in terms of profit while the consuming SOCiety sacrlftces by 
realizing fewer goods and services than could be produced from the 
quantity of resources employed in agriculture and the economy generally. 
Inefficient production or resource use comes about under uncertainty for 
several reasons: It comes about when farmers expect the price of one 
product to be high relative to another but find themselves in error as 
the commodity is ready for the market. The farmer sacrifices profit 
when he produces tQO much pork and too little beef, while the consumer 
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sacrifices in satisfactions and utility. Inefficiency comes about as risk 
or uncertainty causes farmers to plan only for the immediate future 
and consequently to follow farming systems which exploit the soil and 
tie up resources in short-Jived assets; in the absence of time and un-
certainty considerations in production, problems of soil conservation 
would be elementary and optimum investments could be made in terraces, 
dams and other practices which contribute to production overtime_ In-
efficiency also comes about as farmers limit their use of capital and 
operate small-scale and high-cost units. Finally, inefficiency comes 
about as uncertainty causes farmers to invest in precautions reflected 
in flexible producing systems, which, although they do not allow a 
maximum product from given resources or minimum costs for a given 
output, help minimize the probability of bankruptcy_ Because of these 
several forces Which have their roots in uncertainty, farmers produce 
the wrong combinations of crops and livestock or produce products with 
techniques and on a scale which are inconsistent with the most efficient 
use of agricultural resources. 
Since uncertainty and decision-making under imperfect knowledge is 
a problem which not only touches upon all farmers but is perhaps the 
foremost farming problem in the state, studies dealing with uncertainty 
are being initiated in the Iowa Agricultural Experiment Station. These 
studies will deal with the nature of risk and uncertainty in the primary, 
or crop, and secondary, or livestock, industries of Iowa agriculture. 
Investigations will be made of the components of uncertainty, the 
manner in which farmers formulate expectations and plan under im-
perfect knowledge, the misuses of resources which arise under un-
certainty, the accuracy of various predicting or expectational schemes 
as a basis for planning and methods by which uncertainty or its con-
sequences can be lessened. The current study is a fundamental one 
dealing with (a) the basic nature and relationships of variability in 
primary, or crop, production in Iowa, (b) the possibilities of lessening 
and minimizing variability through diversified prodUction patterns and 
resource use and (c) the fundamentals of choice dealing with the al-
ternatives of level of income and income variability_ 
OBJECTIVES AND METHOD 
The purpose of this study is to analyze some of the basic relation-
ships in variability of crop production and crop income. It has been 
outlined as a foundation upon which more detailed studies will be based_ 
Directly, it has been initiated to describe the "degree of risk and un-
certainty" which exists for different crops and for different areas of the 
state. Also, it is to be used in estimating the relative importance of 
yield and price variability as components of income variability. Finally, 
the. effect of certain diversification or crop combination procedures on 
income variability is tested. The study also indicates the nature of 
production or choice possibilities open to farmers for selection between 
money income and income variability. It outlines patterns of production 
which allow minimum income variability and relates these to sacrifices 
In income. 
UNCERTAINTY AND USE OF DATA 
In economic literature, the term uncertainty is used to denote situ-
ations in which knowledge is imperfect and outcomes can be predicted 
only in a subjective manner. The term risk is used to denote variability 
of yield, price or other outcomes which can be predicted in an em-
pirical manner; the mean, standard deviation, skewness and other 
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parameters of the probability distribution can be predicted in a fashion 
which allows unfavorable outcomes to be incorporated into the cost 
structure of the business. Other distinctions can also be made between 
risk, subjective risk and subjective uncertainty; or still other dis· 
tinctions can be made simply between risk and uncertainty. While 
these distinctions are not of particular importance for this study they 
can be found in such studies as Knight" Hart", Tintner" and Schack Ie'. 
Uncertainty is a purely subjective phenomenon and is unique to each 
individual farm manager; it is characterized by the degree of confidence 
which he has in his estimates of future prices, costs, yields or pro· 
duction rates. In this sense, uncertainty cannot be subjected to em· 
pirical measurement except as an attitude study of farmers. (A study 
of this nature is now under way in the Iowa Agricultural Experiment 
Station.) As an attempt to "describe and characterize the degree of un· 
certainty" prevailing in Iowa crop production, however, various indexes 
of variability are employed in this study. Actually, the study centers 
on variability in yields, prices, costs, gross income and net income of 
crop production. The supposition here is that variability indexes and 
other characteristics of probability distributions may provide some reo 
flection of the "amount of uncertainty" which faces farmers in their 
plauning and may be suggestive of the inaccuracy with which farm plans 
are made. The degree of uncertainty is reflected not only in the esti· 
mated dispersion (variance, range, standard deviation) of expected out· 
comes, but also in the skewness and kurtosis of the subjective price, 
yield or income distribution. Accordingly, this study has been designed 
to measure not only variability of production and income but also to 
measure other characteristics of the relevant cost, price and yield dis· 
tributions. 
The data provided in this study should serve not only as a foundation 
upon which later and more refined estimates of uncertainty and varia· 
bility phenomena might be based but also as a basis for recommendations 
to farmers and for analysis of certain policy questions. By indicating 
the amount of income variabUity which attaches to certain farm pro· 
ducts, the study provides an improved basis of choice by farmers. Quite 
often educational institutions assume that the single goal of farming 
is profit maximization. While profit is an important end of farming, it 
is not necessarily the goal which has priority over all other alterna· 
tives. Actually, the farmer or farm family is more concerned with 
maximizing utility or attaining a high level of living over the life span. 
Profit is a means which generallr contributes to the end of utlllty maxi· 
mization, but it can also act as an end which competes with maximum 
satisfactions and enjoyment by the farm family. Most farmers could 
make greater dollar returns by working 16 hours per day for 365 days 
per year but do not do so since, at some point, leisure and recreational 
activities have greater value than profit.-
1 Knight, Frank H. Risk, uncertainty and profit. Houghton Mlfrlln Co. 
Boston. 1921. 
2 Hart, Albert Gallord. Anticipations, uncertainty and dynamic planning. 
Augustus 1\1. Kelley, Inc. New York. 1951. 
BTlntner, Gerhard. The theory of production under non static conditions. 
Jour. of Pol. Econ. 50:645·667. 1942 . 
• 8chackle, G. L. S. Expectation In economics. Cambridge University Press. 
1949 . 
• This consideration is one of flrm·household Interdependence and is Insep· 
arable from the problem of risk and uncertainty. For additional details on 
these points, see Headv, Earl 0., Back, W. B. and Peterson, G. A. Intel" 
dependence between tllf~ farm business and the farm household. Iowa Agr. 
Exp. 8ta. Res. Bul. 398; and Heady, Economics of agricultural production. 
Chap. 14. Prentlce·Hall. !irew York. 1952. 
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While profit contributes to levels of farm living, it is not always 
the dominant goal in the short-run planning of the operator. He may 
choose instead to select single products, combinations of products and 
producing techniques which minimize the variability and uncertainty 
of income rather than those which promise very gr~at rewards should 
prices and yields prove favorable. WhUe cattle feeding may give very 
great returns to labor and capital if the year is favorable, the enter-
prise similarly may result in heavy losses. The established operator 
who has ample capital and a 100 percent equity still may choose the 
enterprise since he knows that if the outcome is unfavorable in one 
year, his capital position wiII allow him to "stay in the game" in order 
that he may "capture the high profits of cattle feeding" in a later year: 
In contrast, the beginning operator or the farmer with little capital 
or a small equity may wish to select a "more certain" enterprise.e While 
one farmer with a full equity in $100,000 may choose, because he has 
funds enough to carry him through lean years into profitable ones, 
enterprise .A which averages a 20 percent return over a long period of 
time but is associated with great variability and uncertainty. another 
operator with a 40 percent equity In $10,000 may b~ equally rational in 
his choice of enterprise B which averages only 5 percent but which has 
low year-to-year variability or a small chance of loss. While both oper-
ators may, within certain limits, be interested in maximum prOfits over 
the long run, the selection of an alternative with both lower returns and 
lower variability becomes a relevant short-run goal. By selecting enter-
prises and production systems which involve small chances of loss, the 
manager attempts to obtain a guarantee against loss and bankruptcy. 
If he is successful in safeguarding the survival of his bUSiness in the 
immediate future, he helps guarantee that his firm will exist for proftt 
maximization over his lifetime. 
For this reason, a selected group of farmers may be as interested 
in minimizing the variance of income and the probability of loss as in 
maximizing profits in the short run. This study furnishes data on in-
come and yield variability and thus provides a basis for choice where 
farmers must choose between the alternatives of (a) large possible pro-
fits and the chance of large losses and (b) smaller but more certain 
prospective prOfits. Farmers of Iowa have long expressed notions and 
hypotheses about the crops and livestock enterprises which involve a 
large amount of risk or uncertainty; similar expressions are made in 
regard to the locations which involve varying degrees of variability 
and uncertainty. The data of the following sections provide, for the first 
time, a basis for examining these hypotheses and for extending infor-
mation to farmers who wish to select cropping and farming systems 
which may result in lower income variance. In providing basic data 
on variability for different crops and areas of Iowa, the study also pro-
vides the basis for certain policy recommendations in regard to stabiliz-
ing farm income. 
HISTORIC MEASUREMENT AND SAMPLES IN TIME 
While uncertainty deals with estimates and phenomena which extend 
into the future, this study is devoted to measurement of variability 
over a 32-year period starting with 1917.. It is possible, of course, that 
the future need not parallel the past in any manner whatsoever. This 
• n:aleckl, M. The principle of Increasing risk. Economlca IV new series. 
1937 • 
• In some instances. the longest period for which data were available was 
less than 32 years, e.g., soybeans, which have been grown In Important 
amounts for only about 22 years. 
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is an overstatement, however, since weather and certain other physical 
forces affecting yield and income are characterized by sequences which 
exhibit similarities when viewed over sufficiently long periods of time. 
Then, too, not only do economic phenomena in general possess character-
istics which are repeated over time, but different products may possess 
attributes of price and cost variability which differ from other crops 
under any economic environment. (The authors fully recognize that 
the economy is in a constant state of change as capital accumulation, 
population growth, technical· change and other items of economic pro-
gress take place; also, world political pressures and governmental policy 
may provide a future which differs greatly from the past.) Any attempt 
to characterize the relative economic variability or uncertainty of 
various crop and livestock products in an empirical fashion must (aside 
from purely subjective attitude studies based on farmer opinion) be 
based upon a sample in time. The adequacy of a "sample in time" de-
pends, of course, on the extent to which it provides a basis for infer-
ence to a future "population of economic enVironment"; aside from a 
sample in time or a historical study of economic variability, no other 
basis exists for analyzing the phenomena in question. Further, the time 
approach has merit in the sense that history provides an important 
base upon which farmers formulate expectations of the future. Analysis 
of variability data from a past period, while it must be used with quali-
fication for inferences about the future, should help eliminate erroneous 
comparisons which might be made between products for periods In the 
past. 
SOURCE OF DATA 
While the authors were able to outline sources of data and procedures 
more nearly optimum (in terms of their efficiency In measuring varia-
bility and other quantities) than the one employed, the time and funds 
necessary to obtain them were not at their disposal. The problem un-
der investigation centers on the degree of variability which attaches to 
the production, costs and income of crop products in various areas of 
Iowa. Concern in all instances is measurement of variability over time. 
The source of data most desirable for these estimates would include a 
combination time-series and cross-sectional sample of farms from the 
important soil and climatic areas in Iowa.' Since the variability figures 
must be estimated for each producing unit rather than for a complete 
area or for the state as a whole, a cross-sectional sample of sufficient 
size would be necessary to allow acceptable estimates for the particular 
region while eliminating the needs for computation of Variability figures 
for all farms of the population. A time-series sample for these Ilame 
farms would be required to provide measures of variability over time. 
In the judgment of the investigators, sample data of this nature would 
be necessary on individual farms for a period of 2'5 years or longer. 
Records would be necessary on costs, yields, prices and incomes for each 
crop enterprise on the sample of farms. Unfortunately, large numbers 
of farmers do not keep such records; not enough observations are avail-
able over time even from record-keeping farms to allow estimates for 
the several different areas of Iowa. Of course a random sample could be 
selected at the present and extended over the next 25 years. However, 
availability of funds and limited life expectancy of research workers 
prohibits this approach to the problem. Also, there is current need for 
information on economic variability; a sample selected currently and 
extended over the next several decades would not allow predictions of 
a type useful for farmer planning and policy formation in the interim 
period. 
Faced with these difficulties in estimating economic and physical 
instability, the investigators were forced to consider alternative pro-
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cedures, which, while less efficient from the economic and statistical 
sense, might provide an acceptable basis for estimating the degree of 
income variab1l1ty for the various crops and geographic areas of the 
state. A possible substitute source of background data was that of ex· 
periments; the Agricultural Experiment Station has maintained yield 
records over a period of years in a few selected locations. These data 
are of limited value to the present study, however, since they are avail-
able for a snfficient period on Clarion·Webster soils only. Too, they are 
for experimental plots and thus tend to overestimate variability over 
time for Individual farms; the yield of a fractional acre may be reduced 
to zero by frost, insect, drouth or other damage while that of a farm 
field of 'many acres would not. 
A second source of data is county yield figures. However, because 
of the variation in soils. climatic conditions and natural hazards within 
a county, variance of average county yields tends to be less, because of 
the greater acreage and the chance for a low yield in one part of the 
county to be offset by a high yield in another part of the county, than 
for yields of smaller acreages on individual farms. Another source of 
data is the assessor's reports for townships. Township yields have been 
reported over a sufficient time period for all major crops except hay 
Which is reported on a county basis. As a basis of estimating the de-
gree of variability which faces individual farmers, these data fall be-
tween experimental plot figures and . county figures. While they likely 
provide an underestimate of yield variability for acreages which com· 
monly make up a field on the individual farm, this difference may not 
be very great; many single townships tend to be relatively homo-
geneous in respect to weather, insects and other forces which cause 
crop yields to fluctuate about their mean. Accordingly, these township 
assessor records were used as the source of the yields upon which this 
study is based. A few data are also presented on a county basis.· 
SAMPLING 
Analysis of Variability in crop income involved the use of historic 
yields, prices and cost figures. In order to limit the computational pro-
cess to a manageable scale, a stratified random sample of townships 
was selected. The sample was designed to allow variability estimates 
for the major soil areas for .Iowa and for the state as a whole. While 
similar estimates can be worlted out for each township of the state. 
this procedure is prohibited in t.erms of computational costs and the 
writers, as well as other scientists contacted. think the estimates pro-
vided here are sufficient for preliminary inferences to the major soil 
associations of the state. 
The state sample mentioned above was chosen to represent the major 
geographic areas shown In fig. 1. The state was stratified by area and 
the sample weighted by size of area. Townships were selected randomly 
in each area stratum. Figure 1 presents a map outlining the five areas 
and the location of sample townships in each. Names of the individual 
townships for this sample are listed in Appendix A. 
PURPOSIVE S.UIPLE 
A second sample of 14 townships also was selected for certain phases 
of the analysis. This group of townships represents a purposive or 
• Had data been avallable for a suttlcient time period on yields of individual 
farms within townships, knowledge of the total components of variance 
estimates for a township (that due to individual farms within townships 
and that due to difference between years) could have been used to predict 
variance magnitudes for individual farms over a ionger period. While in-
dividual farm yields are available in assessors' records, these extend only 
over 2 years at anyone point in time and are not sufficient for the meas-
ures outUned. 
PRINCIPAL SOIL ASSOCIATIONS 
C\V: Clarion and 'Webster 
Fig. 1. 
CC: Carrington and Clyde 
CpC: Carrington and Clyde, plastic till phase* 
TM: Tama and :'\luscatlne 
B: Soils of Bottomland,; 
TD: Tama and Downs· 
:.\)T: Mahaska" and Taintor· 
CL: Clinton and Lindley 
24 MU .... ppro'l. 
Scal .. 
Areas and townships of the stratified sample. 
SS\V: Shelby, Sharpsburg· and 'Vinterset· .\IPS: lIlarcus, Primghar* and Sac· 
F: Fayette SC\V: Storden", Clarion and ,Ycbster 
FDS: Fayette, Dubuque and Stony Land SGH: Shelby, Grundy and Haig-· 
GPS: Galva', Primghar· and Sac' SSE: Shelby, Seymour·. and Edina 
GH: Grundy and Haig* \VL: ,Veller and Lindley 
111: Marshall ---Abrupt Boundary 
Mo: Moody" - - - - - - Tentative Boundary 
lII1H: Monona", Ida· and Hamburg" IIIII1 Gradational Boundary 
"New names not on county soli maps 
0> 
"" 
"" 
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judgment sample selected with the objective of including townships 
representative of homogeneous soil types." These townships represent 
major soil associations except for the Harrison Township, Benton 
County, and Oakland Township, Louisa County, which represent dis-
tinctly sandy and bottomland soils. For all major soils, a township was 
selected which is uniform in respect to type and topography and which 
represents, in the judgment of agronomists, the townships most· dis-
tinctly characterizing a particular soil situation. Each soil association 
of the state is thus represented by a sample township except for Clarion-
Webster; two townships were drawn in this soil area. They include 
Harrison Township in Kossuth County to provide a situation of "greater" 
variability in weather and Lincoln Township in Polk County to represent 
the opposite_ A list of the townships, their county location and the soils 
represented are included in table 1. 
The type of sample indicated previously might also have been em-
ployed for the detailed estimates relating to specific soil types; a sample 
of townships could have been selected to allow inference to each soil 
association. However, the resources available for the study allowed 
computations of statistics for a total number of townships approximating 
the total number of major soils or one township per soil area. Thus, 
selection of a single township would involve the possibility of large and 
unknown error; the township drawn randomly might, for example, fall 
on the extremes of the level Clarion-Webster soil area and incluiie 
either bottom or hilly land not typical of the area in general. Thus, the 
purposive set of townships was selected to conform with agronomic 
judgments of the soils concerned. While this procedure leads to certain 
difficulties in inferences, we do not believe that any other procedure 
could be considered with our resources and available data. 
TYPES OF UNCERTAIN'l.'Y AND SOURCE OF DATA 
Economic literature recognizes four major types of uncertainty or 
variability which relate to decision and choice-making. These include 
variations in prices of products and resources, variations in yields (the 
coefficients of production for a single production function), changes in 
techniques and changes growing out of the relationships between in-
TABLE 1. TOWNSHIPS INCLUDED IN PURPOSIVE SAMPLE. 
Township County Soli 
Troy Clarke Grundy-Haig-Shelby 
Grancl l\Ieaclow Clayton Tama-Downs 
Saratoga Howarcl Carrington-Clyde 
Harrison Kossuth Clarion-Webster-Nicollet 
Cedar Lee Grundy-Haig 
Logan Lyon Moody 
Jordan Monona Ida-~ronona·Napier 
Lincoln Montgomery ~rar"hall 
Lincoln Polk Clarlon-"\Vebster-Nicollet 
Sheridan Scott Tama-~luscatine-Garwin 
Reading Sioux Gal va-Primghar-Sac 
Harrison Benton Sandy loam soils 
Oakland Louisa River bottom soils 
Washington Appanoose Shelby-Seymour-Edina 
• The second sample was selected by A. ·A. Aandahl. Agronomy Department, 
Iowa State College and the Division of Soil Survey. B.P.I.. U. S. Department 
of Agriculture. Frank Riecken and W. O. Shrader of Iowa State College 
also provided helpful assistance. 
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dividuals and groups of individuals. This study is concerned alone with 
price and technical or yield variability. Change and uncertainty 
growing out of relationships between persons and groups (uncertainty 
of contracts, leasing arrangements, institutions, etc.) are not included 
because the data available are not readiIyadapted to the type of analysiS 
under way. Technological change or variation growing out of trends 
in technique has been removed from the analysis because (1) this type 
of variability is in itself desirable and (2) while changing techniques 
will take place in the future, techniques of the remote past bear no re-
lationships to decisions which must be made by farmers or society in 
the future. While the process and method have limitations, changes 
due to techniques have been removed in the manner outlined below. 
In order to measure the degree of variability attaching to the in-
come of different crops and in different areas, two types of data were 
necessary: (1) data on yields over time and (2) data on product prices 
and input prices (costs) over time. From data of this nature, measure-
ments of the variability of yields, gross revenue, costs and net returns 
may be obtained. Yields were obtained on a township basis directly 
from county assessor's records for all crops except hay; hay yields Were 
available on a county basis only, and this difference should be re-
membered in the few instances where hay is included in the analysis of 
following sections. In order to remove yield variance due to techno-
logical advances, trend was eliminated, and levels of yield were adjusted 
to the average of the last 5 years. Variability in yields is thus com-
puted from the adjusted base rather than from the trend regression; 
fluctuations are more nearly those due alone to weather variations than 
to both weather variations and trends in techinques which would be the 
case for unadjusted data. 
In order to compute gross revenue per acre for each crop in each 
township, historic prices were obtained from various sources. Multi-
plication of yield per acre and price thus gave the gross revenue per 
acre for each year and provided the basis for computation of variability 
of gross revenue per acre during the time period 1917-48 except where 
otherwise indicated. 
In order to obtain costs for each crop over time, a set of all inputs 
relating to "current" techniques was synthesized for each township. 
The prices of these inputs (labor, seed, fertilizer, fuel, machine de-
preciation, building inputs, etc.) were applied to the physical quantities 
to give the per-acre prodUction costs. (Taxes and Similar costs which 
are not inputs in the regular logic of production were also included.) 
Extreme care was used in assembling this group of inputs for each crop, 
township and year, depending on the level of yield. Fixed and variable 
costs ,yere synthesized separately and Were based upon tax data from 
the Iowa State Tax Commission, the BAE indexes of costs of particular 
items, farm equipment catalogs, building material price lists and mis-
cellaneous sources. Variable costs, those differing with level of yield, 
included such items as harvesting, shelling and hauling costs (to the 
nearest elevator). These cost compilations are based on a farm of 160 
acres in size, the predominant farm-size group in all sections of the 
state. By subtracting these from net revenue, the per-acre net return 
figures of the following sections have been obtained. Land rent and 
interest on investment have not been included in cost calculations. Two 
sets of cost and income figures have been emplOYed, one without attach· 
ing a cost to labor and one with labor costs included. These procedures 
were employed since they aIlow inferences to the problems of those farm 
families who furnish their own labor at no direct cost and those who 
hire labor. 
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:\IEASURES OF VARIABILITY AND UNCERTAINTY 
Selection of measures or statistics to characterize relative differences 
in variability and uncertainty is not a simple task. Numerous indexes 
must be employed if adequate ~easures are to be obtained for depicting 
the "degree of uncertainty." One such measure recognized in the 
llterature of economics is that of dispersion in yield, price or income. 
Dispersion can be measured in an empirical fashion through use of mean 
differences (means of first differences or the absolute deviation of 
observations from the mean of the series), standard deviation, variance 
and range. These measures perhaps are sufficient for comparisons of 
variability of single crops in different parts of the state where mean 
yields and income do not differ too greatly. However, where mean 
prices, yields and income differ greatly, these absolute measures do 
not serve satisfactorily in suggesting relative variability. For example, 
mean yield might be 20 bushels in one area while the absolute deviation 
from the mean averaged 8 bushels, while mean yield in another area 
might be 60 bushels with an average deviation of 12 bushels. Analysis 
of such variation would show the second area to have a greater' absolute 
variability; yet the first area would possess the greater, relative varia-
bility. Since this study is concerned with variab1l1ty as a measure· 
ment per se (and not with variance as a basis for comparing differences 
in mean prices, yields and incomes), the coefficient of Variation has been 
considered useful as an expression of relative variability. Use of the 
coefficient of variation, the standard deviation divided by the mean, 
causes certain difficulties in making comparisons because of the nature 
of the distributions of this measure itself. These details are discussed 
in Appendix B. 
As shown in fig. 2, however, measures of dispersion alone do not 
sufficiently characterize uncertainty. The degree of uncertainty sur-
rounding an economic venture is expressed as much in the skewness 
or kurtosis as in the several measures of dispersion (range, variance, 
standard deviation, coefficient of variation) attached the particular 
income probability distribution in question. The relationship of each 
of these characteristics of the probability distribution to the degree of 
certainty attached to alternative ventures can be expressed in abbrevi-
ated terms by means of the hypothetical probability, distributions repre· 
senting the expected (or the historic) outcome for five distinct enter-
prises. The modal or most likely income is identical with the mean 
since the probability is greatest for return in the neighborhood of Z 
in all cases (except E). However, the desirab1l1ty (probability of 
realizing the expected outcome) differs widely among the five cases. 
While the variance is assumed equal for C and D, the probability of 
getting a return equal to or greater than Z is obviously greater for C 
because it is skewed in the direction of higher rather than lower reo 
turns. Alternative B is preferable to A both because of (a) its smaller 
variance (range, standard deviation) and (b) its "flat peak" (kurtosis). 
While the mean expectation of X income is as great under alternative 
E as under B, the firm's choice is largely an "either-or" one (becoming 
wealthy or going broke) under the bimodal distribution. 
Accordingly, while measures of dispersion are used mainly in the 
following sections to suggest the degree of uncertainty surrounding 
different primary crops, sl.ewness and kurtosis are also considered 
briefly. Again it should be emphasized that interest in this study 
centers on variability per se; our concern is with variance as an index 
of "uncertainty" and hence this should be the statistic of central in-
terest to us. Acceptance of this primary measure of variability im-
mediately brings to our attention methodological problems in its 
measurement. 
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Fig. 2. Hypothetical models of probability distribution Illustrating dif-
ferent degrees of uncertainty. 
METHODOLOGICAL PROBLEMS IN MEASUREMENT 
The central core of this study is the comparison of variability in 
income between different crop enterprises and different combinations of 
crops. Variability is used as one index of uncertainty facing farmers 
as they make decisions in respect to crops. We simply suppose that 
whereas some farmers are interested in profit maximization as a goal, 
others (particularly those with small amounts of capital and unable to 
undertake great risks or income fluctuations) may have minimum vari-
ability of income as a goal. It is likely, however, that most farmers 
try to attain some degree of both of these goals. Whereas a great ma-
jority of farm management studies focus on measures relating to the 
maximum income phase of farmers' decisions, this one revolves more 
nearly around income variability. We do not present minimization of 
income variability as a goal but simply measure this variability so that 
farmers may take the data, along with that from other studies showing 
income, and make their own choices between level of income and vari-
ability of income. 
If we were concerned with showing farmers What the magnitude of 
income per acre had been for different crops, our task of measurement 
would be less difficult than that Encountered here. We could simply 
measure the income per acre for different crops over a relevant time 
period. This basic measure would, of course, have to come from some 
period of the past. 
Just as we might use income per acre as a measure or index of reo 
turns, we must also have a measure of variability. Many measures of 
variability might be used. One such measure or index would be year· 
to-year differences in income for different crops. Using this index We 
would subtract the income of one year from the income of the follow-
ing year; positive and negative signs could be ignored, and the total of 
these year-to·year differences (i.e., all of the units of variability) could 
be divided by the number of years to give the average variability of 
income. A second measure of variability could be prepared by relating 
630 
the income of anyone year not to the income of the previous year but 
to the mean of the series. Again with positive and negative signs dis· 
regarded, the sum of these differences could be divided by the number 
of years to give average variability figures. While both of these 
indexes have .been explained in terms of absolute quantities, they could 
also be expressed in relative quantities. Relative variability might 
be measured by dividing the absolute indexes, explained above, by the 
mean of the series; variability then would be expressed in relative 
indexes. All of these are simply measures of the phenomena which 
we wish to observe. If we were interested in corn yield per acre we 
could use "bushel" as the measure; bushel is the quantity with which 
we are concerned. Similarly, we are interested in a measure of vari-
ability; we wish to measure variability for different crops. The above 
indexes could serve in this manner just as bushel refers to corn yield. 
Our ultimate goal, then, is the measurement of Variability just as we 
might measure corn yield. 
Any of the measures outlined above might be employed to indicate 
the quantity of importance to this study. While they have not been 
worked out for this study, an examination of data from other investi-
gations shows that the year-to-year and the difference-from-mean (i.e., 
mean of first differences) measures of variability generally give the 
same ranks for each crop when these measures of variability are com-
pared. 'Ve might have used either measure, in its absolute or relative 
terms. 
However, there are still other alternatives in the measurement of 
variability. One other measure of variability may be computed as 
follows: The differences may be calculated between the income or yield 
of each year and the mean over all years and the differences squared 
and divided by the number of years. A measure of variability again 
exists; it could be called the "mean of squared differences." Under 
certain assumptions, this quantity is an estimator of what statistiCians 
call the variance of a distribution.'o In our use of this quantity as a 
measure of variability, we need not be concerned particularly with 
the normality of distribution since we are not interested in establish-
ing confidence intervals of specified length or testing hypotheses about 
the mean for different crops. Our desire is merely to secure reason-
able estimates of the variability itself. Next, we should note that we 
can take the square root of our mean of squared differences as an index 
of variability. This measure might be called a root mean square de-
viation. Again, we may point out that under certain assumptions, 
this measure would estimate the statistic termed the standard de-
viation. As already noted above, this measure would have particular 
value under normality assumptions.u 
We considered using the mean of the first difference as our measure 
of variability. However, after discussing the point with the others, 
we decided to use the mean of squared differences, and measures 
directly related to it such as its square root and a ratio of the latter 
10 Specifically, the variance Is .the expected value of the variapt "'l'-!arE<d 
minus the square of the varmnt's expected value. In notatIOn thiS IS 
usually simply expressed as u" = E (X') - (EX)' where "., denote" the v:arl-
ance and the E indicates the average of all possible values of the variant 
X. Another way of saying the preceding is: variance equals the 2nd 
moment of X minus the 1st moment of X squarecl. 
11 'Ve should point out that a much simpler assumption, that of a symmetri-
cal di"tribution of deviations, i.e., positive or negative deviations from the 
expected value equally likely, is of great Importance with respect to our 
measure, mean of squared difference". H, in fact, the distribution of devi-
ations is skewed to the right or left, some measUre taking account of the 
signs or the third moment of the distribution would be appropriate. "re 
have not InVestigated this matter of skewness SUfficiently to report such 
measures. 
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to the mean of the series (similar to a coefficient of variation) be-
cause. relative magnitudes or ranks between crops, crop combination 
and locations are likely to be the same when this index of variability 
is used as when the first-difference measure is used. A further reason 
for using our measure is that it has facilitated certain crop combination 
comparisons which would require a great amount of arithmetic if they 
were computed separately for each acreage possibility for the past period 
for which we have data available. 
Other questions can be raised in respect to these measures. One 
in particular arises where trends or autocorrelations are present in 
the series. For example, if the data followed a simple linear trend 
over time, our measure of variability would properly be based on this 
trend line; we might either compute our differences from the trend line 
or remove the trend and make the measurements accordingly. 'Ve 
could again use as our measurements of variability the average :of the 
year·to·year differences, average of the deviations or the average of 
the squared differences (or other measures related to these). Trends 
of the nature mentioned best apply to increases in yields due to new 
techniques; the trend over the past three decades has been upward 
for some crops. Aside from random weather fluctuations, crop yields 
have moved always upward from this cause. They do not move up-
ward for awhile as one set of techniques. is adopted, fall to a lower 
level as a second set is adopted and continuously move through cycles 
of this nature. 
The situation is different for prices, however. The major variable 
affecting prices of anyone crop is the general price level. Prices for 
the commodities being examined have similar parallel movements in 
respect to the general price index; there have not been important trend 
differences between crops over time relative to the general price level, 
due mainly to the fact that the crops are feed substitutes and are 
priced not only relative to the general price level but also relative to 
each other. How does autocorrelation-the fact that the price or income 
magnitude of one year is correlated with that of the previous year due 
to the oscillations of prices following the general business cycle-
negate our measures of income variability for different crops? This 
consideration would be important if different price trends relative to 
the general price level were experienced over time; but this has not 
been the case, and we believe that if the general price cycles of the 
past are to be repeated in the future, ollr measures of variability (to 
compare differences in the past between crops) will hold true for the 
future. 
The question can be asked, of course, whether units of variability 
should actually be measured from the mean for the period or from a 
computed autoregression. Since the major price fluctuations for the 
commodities under investigation follow parallel paths with the cycle 
for the general price level, both methods might be expected to give 
the same relative differences between crops; if the variability index for 
oats is greater than for corn under one method of measurement, it may 
also be greater under some other measures. 'Ve have chosen to com-
pute the variability units from the mean rather than an autoregression 
curve because the first measure has practical application in the sense 
that the quantities involved are those familiar to the mind and ex-
perience of the farmer. For example, the farmer may discuss corn 
returns and say that "while income has averaged $20 per acre over 
the last 20 years, the income Is not always this amount; as an average, 
it has differed bv $6 from this amount." He is, of course, spealdng of 
departures from'the mean of $20. While our root mean square de· 
viation (which can be computed from the mean of squared differences 
figures) departs somewhat from the mean of the deviations, it is in 
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the same general level and unit of measurement. Units of variability 
computed from an autoregression line would not be familiar to the ex-
perience of the farmer. 
One additional point which should be mentioned is this: Not only 
does the general price level, and Rence the prices of individual pro-
ducts, go through oscillations of the type outlined above, but also there 
has been an upward trend due t8 wars, continued inflation and general 
decline in the value of the dollar over time. Therefore should not this 
trend be removed? The writers are aware of this problem but are not 
sure that it should be removed or that adaptations should be made in 
respect to it. In the first place we have no basis for predicting what 
this trend will be in the future. National and world politics, more 
than anything else, will affect it over the next 20 or 30, years. We 
feel unqualified to say whether past trends will or wtll not extend into 
the future; it is likely that they will. In this case the mean of all 
prices will move upward, and the units of variability measured in re-
spect to the mean of prices in the new period may have the same relative 
magnitude for different crops as in the period used for this study." 
We have presented certain of the problems encountered in measuring 
variability. We think that the measures and procedures used may be 
acceptable for the main objective of our study-namely to indicate which 
crops and crop combinations have had and may be expected to have the 
greatest income variability (uncertainty) for particular locations. We 
have outlined the reasons why these data are of some use in inferring 
into the future. However, as subject matter research workers, we are 
willing to go further and say that our measures of relative variability 
between different crops can be used as an indication of relative vari-
ability for the future. Farmers have long expressed opinions as to 
which crop Is most risky. Their observations are based on the past 
and, to date, there has been no verification of these observations; we 
have made an attempt to measure these quantities so that something 
objective (in contrast to mere opinions based on the past without any 
formal measurement) might be said, even though measurement is in 
terms of a past period. 
As is evident from the preceding, there are still many problems 
in measurement of risk and uncertainty. Quantities other than those 
mentioned here can be used. Measurement must, however, mainly re-
volve around dispersion and variabUity of past observations. Further, 
not enough attention has been given to the appropriate procedures for 
'" In technical statistical terms, what we are saying in this paragraph re-
lates to footnote 10. If we knew how to estimate the eillpeotetl tlalue 
for each of our series (particularly the series involving prices) then we 
might be in a position to obtain an unbiased estimate of the variance for 
each series. Such an estimate of the variance would be an acceptable and 
surely a preferred index of the variability we are seeking to measure. 
What we really need Is a suitable model for each of our series and a pro-
cedure for estimating the parameters in the model. For our yield series, 
the average or a simple linear trenil may represent the expected value quite 
well. But this is obviously not, true for our data that Include prices. The 
economic fluctuations that we have observed in the past 60 years seem to 
preclude acceptance of any of the currently available models and "reflned" 
estimation techniques for a study of this kind. In fact, In many situa-
tions a rather naive model, the persistence estimator, I.e .. next year will be 
the same as this year, will work as well as more complicated procedures. 
Thus, we must admit that our meaSUre of variability may be an extremely 
crude one, yet we believe It yields information of considerable value for 
the comparisons we have made. On the other hand, we do not disparage 
In any sense the valuable efforts of economists and econometricians in 
building and fitting models for the dynamic world In which we llve. Such 
work needs more workers and needs to be pursued with greater diligence. 
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autocorrelated data." Research by economists and statisticians Is 
needed in these areas. 
INCOME AND RISK CHOICES 
The presentation of alternatives in land use and crop combinations 
involving level of income and variability of income is made through 
adaptation of certain variance equations and their mathematical con-
sequences to the data. Since these equations are explained in detail 
at a later point, they will not be specified here. 
TESTS OF SIGNIFICANCE 
As has already been mentioned, inference relating to difference in 
relative variability cannot be made in the manner of conventional 
analysis of variance tests. While the standard variance tests are 
usable for this study where mean yields are near the same level and 
differences exist only in variation from the mean, they cannot be em· 
ployed Where mean quantities are of entirely different magnitudes. 
While use of the coefficient of variation eliminates some of these diffl· 
culties, it also is accompanied by others. In our analysis of relative 
variability the coefficients of variation" have been computed for the 
specific crops of each township. These measures are then used to com· 
pare the variability between different crops within an area and between 
the same crops in different areas. In testing significance of differences 
in coefficients of variation between crops and areas, however. it must 
be recognized that these quantities do not follow a normal distribution. 
Nonparametric (distribution free) tests were therefore used to test for 
differences in relative variability of yields, costs and incomes' between 
areas and crops. The ranked order of the medians (coeffIcients of 
variation used as observations) has been used in these tests to deter-
mine whether the differences in variability are significantly greater 
than one would expect as chance occurrences.'" 
'" Our later development of the variability for combinations ot enterprises 
has been based upon the use ot the true correlations between the series 
tor the crops entering into the combination. It is now becoming widely 
recognized that the ordinary sample serial correlation between two time 
series may be a poor estimator ot the true serial correlation. Yet tor want 
ot a better measure, we have used this observed serial correlation in pre-
senting some ot our nllmerical results tor enterprise combinations. To 
what extent the interpretation Is invalidated by poor estimation ot the true 
serial correlation. we do not know. 
14 Actuall;y, as pointed out above, we have used a root mean square deviation 
divided by the mean. 
,. Mood, A. M. Introduction to the theory ot statistics. McGraw-Hill. New 
York. 1950. 
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PART 1. DEGREE OF VARIABILITY 
Statistics designed to show the degree of variability or "risk" which 
is attached to different crops and locations are presented in the follow-
ing sections. These estimates are based on the measures outlined 
below. 
AGGREGATE :\1EASURES OF VARIABILITY 
As already stated, the mean square deviation, root mean square de-
viation and coefficient of variation are used as measures of dispersion 
(variability) in this study. These measures are designed to show 
farmers and persons making recommendations to the farmers, which 
crops, soils and locations involve the greatest amount of variability or 
risk and which ones best conform to the planning environment of the 
individual operator. They were calculated for yield, gross income, costs 
and net income for each of the 50 townships of the sample. The town-
ship variability estimates were averaged to obtain variability indexes or 
measures of variability for each of the five areas. For example, the 
average variability of corn yields for Area 1 was calculated by averag-
ing the corn yield mean square deviJl.tions of all of the townships 
sampled in that area.'" 
The state estimates of variability are weighted averages of the area 
estimates. Total corn production for each area during the period 1938-
48 was used to Weight corn yield variability for the state. The root 
mean square and coefficient of variation for corn were calculated for 
the state in the same fashion. The estimates of variability for yields, 
costs and returns for other crops were also calculated in this manner. 
A state root mean square is not therefore the square root of the cor-
responding state mean square measure of variation. 
In making use of the state Indexes of variability, the meaning of the 
quantities that we have calculated must be kept clearly in mind. . The 
measures as used indicate more nearly the average variability ex-
perienced by individual farms in Iowa than they do the variability of 
aggregate average yields, costs or returns in Iowa as a state. Our con-
cern is with the degree of variability attached to different crops and 
soils which faces individual farmers in their planning rather than with 
variance and other parameters of production and income for all farms 
aggregated together_ Variability of prodUction and income on single 
farms is greater than for the state because fluctuations tend to be 
averaged out as large numbers of farms are aggregated together into a 
single statistic. 
VARIABILlTY BETWEEN CROPS FOR IOWA 
The farmer and policy mal,er are mainly interested in net income 
variability and in cost. yield and price variability to the extent that 
these contribute to the dispersion of net incomes. In studying the vari-
ability presented from these sources, the fact that there is interaction 
between the sources has to be considered. A high variablUty of costs, 
prices or yields need not of itself mean a large contribution to the 
Variability of gross or net returns. Factors may offset each other, 
'" \Vhat the appropriate averaging process should be in this case Is not 
clear. From some points of view the median might be preferable. For 
yields alone which p,re reasonably Independent when viewing the time 
series, a pooling of sums of· squares might be quite satisfactory. Over olll 
our data we have chosen the averaging procedure as a matter of uniformity. 
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e.g., high yields may be offset by low prices thus preventing a fluctuation 
in income during a particular year. The method of analysis used is, 
therefore, first one of presenting the variation of yields and costs. 
Combinations of the sources of variability then are made through 
analysis of variability of gross income, which includes prices and yields 
and their effects. Measures of net income variability are calculated 
and the effects of all three sources of variability are thus considered 
together. The variability figures reflect uncertainty only insofar as 
the returns from a crop in a particular year are unpredictable. How-
ever, the degree of imperfection with which farmers can predict yield, 
price and income quantities depends, to a large extent, on the variability 
of these quantities. 
YIELD VARIABILITY 
For the state as a whole, variability for corn yields is greater than 
for any of the four major crops studied. Flax is lowest and is followed 
in order by soybeans and wheat; oats falls in an intermediate position. 
Examination of the data presented in table 2 would suggest that farmers 
interested in level of income alone and who are in a capital position 
to withstand great risks would select corn; those with less capital 
and interested in stability more than level of income would select flax. 
These suggestions are the opposite of those ordinarily held by farmers 
who look upon flax as a more variable and less predictable crop than 
corn. The interpretation of the degree of risk (Variability) in yields 
changes, however, when the figures on relative variability are examined. 
As the coefficients of variation show, flax has the greatest relative 
variability of yield while corn is second lowest. In this sense it can be 
said that of the five major cash crops studied, the degree of risk in 
yields is greatest for flax followed by wheat, soybeans, corn and oats. 
The high variability position of corn and oats is switched to a low one 
for the relative variability figures as compared to absolute variation 
because, while the mean square deviation of corn and oats yield is high, 
their mean yields also are higher than those of the other crops. Flax 
production involves greater ~'ield risks than corn or other crops because 
the relative effects of weather, weeds and pests are greater for it; 
corn is relatively more efficient at withstanding these physical hazards. 
From the standpoint of yield risks alone, farmers for the state as a 
whole might have no preference between wheat and soybeans; the final 
choice in this case might then be in the direction of the crop which 
gives the greatest net income. As shown in later sections, soybeans 
give rise to a greater net income than wheat in most areas of the state. 
TABLE 2. YIELD VARIABILITY, STATE OF IOWA, 1917-48' 
Av. mean Root Inean CoeffiCient :lTean Crop square square of yield" • deviation·· deviation" variation 
Corn 134.8 11.5 27.4% 42.0 
Oats 54.1 8.3 24.6% 34.2 
Soybeans 22.5 4.6 ?S.2% 16.4 
'Wheat 26.6 5.0 28.3% 17.8 
Flax 20.7 4.2 38.2% 11.0 
* As explained In th'l text, these variability mea~urtS have been computed 
as weighted meam; of the same statistic for each area and township. They 
do not represent the Yariance. standard deViation, coefficient of variation 
or mean of state aggregates for the period . 
.. Bushels per acre. 
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TABLE 3. VARIABILITY OF GROSS INCOME. STATE OF IOWA, 1917-48 
Av. mean Root mean Coefficient Mean 
Crop square square of Income 
deviation deviation variation per acre 
Corn $347.4 $18.5 58.3% $31.7 
Oats 71.0 8.3 57.1 14.6 
Soybeans 239.4 15.3 63.8 24.0 
'Vheat 157.5 12.3 56.6 21.7 
Flax 319.6 17.7 68.4 25.9 
VARIABILITY OF GROSS INCOME 
Table 3 provides measures of variability of gross income for the 
five crops as averages for the state. These statistics are affected not 
only by variation in yields but also by variations in prices. Accordingly, 
they have greater implications for farm decisions and resources used 
than those presented in the previous section. Again, it is true that 
absolute variance is greatest for corn while flax jumps to second place 
and is followed by soybeans, wheat and oats. This change in position 
suggests that price itself has been much more variable for flax and 
soybeans than for oats and wheat. When the coefficients of variation 
are examined, flax again ranks highest while corn drops to third place 
in degree of risk. Soybeans are second, while wheat is lowest. These 
changes in position again occur because of the relationship of magnitude 
of variation as compared to magnitude of income. It is impossible to 
attribute the difference in position proportionately more to the difference 
between the means or the difference between the variation without 
examining the frequency distribution of incomes. 
VARIABILITY OF COSTS 
Even in the absence of yield and price variability, cost variability 
would give rise to instability of net income. Statistics on cost vari-
ability are therefore outlined below. Obviously, as indicated by the 
measures of variation presented in table 4, costs are less variable 
than yields or prices. Farmers can, therefore, predict costs more ac-
curately than returns from crops. Many of the costs of agricultural 
production are determined to a large extent by other industries that 
can regulate the supply of machinery, equipment, etc. in order to assure 
a fairly constant price given the demand. Nevertheless, cropping costs 
do introduce some variability into net incomes. 
Soybeans have the greatest variability of costs followed by flax, 
wheat, corn and oats in order. The relative variation of costs for these 
crops are of the same order except corn and oats which are switched as 
a result of the difference in means. Since farmers are interested in 
TABLE 4 COST VARIABILITY PER ACRE.· STATE OF IOWA, 1917-48 
Av. mean Root mean CoeffiCient Average 
Crop square square of cost 
deviation deviation variation per acre 
Corn $3.72 ·$1.93 14.9% $13.0 
Oats 3.0 1.7 18.0 9.6 
Soybeans 7.4 2.7 25.1 10.8 
Wheat 3.8 1.9 19.1 10.2 
Flax 5.2 2.3 24.8 9.2 
• Without operator's labor inclUded as a cost. 
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minimizing costs for a given level of output rather than maximizing 
as in the case of returns, the relative variation needs special inter· 
pretation. Where corn has a smaller coefficient of variation than oats, 
its costs are relatively more certain, but when examined in the light 
of level of costs, it has a higher mean than oats as well as _a greater 
absolute variability. Oats would always be expected to have a lower 
cost in a particular year than corn. Similarly in the case of corn and 
wheat, the variation is similar, but wheat with a lower mean would 
always be expected to have a lower cost in a particular year even though 
its relative variabllity is greater. However, when two crops have the 
same mean costs, the crop with the least dispersion offers greater cer· 
tainty of a lower cost as well as one nearer the mean. Soybeans and 
wheat have had nearly the same mean costs, and flax and oats were 
also about the same. Accordingly, wheat presents less uncertainty and 
greater expectation of a lower cost in a particular year; similarly oats 
are more certain of a lower cost than flax. In order to predict the com· 
plete ordering of crops with respect to lowest-cost expectations in a 
particular year, one must examine the distribution of costs. However, 
since costs themselves are of interest in this study mainly as a con-
tribution of variability to net income, the relative dispersion is most 
important. Crops with the least relative dispersion of costs are apt 
to introduce the least variability into the net income from this source. 
NET INCOME VARIABILITY 
The most important criterion by which farmers select crops is that 
of net income; its magnitude and variability are both important in de-
clslon·making. Farmers with unlimited capital may select crops on the 
basis of magnitude of Income with uttle regard for fluctuations. Farmers 
with limited capital may be nearly as interested in stability and the 
avoidance of bankruptcy as in level of income. Hence, information is 
necessary on not only the variation and relative variability of Income 
from dit'ferent crops but also on the skewness, kurtosis and similar 
characteristics of the frequency distribution. Level of income must be 
remembered, however, since crops with highly variable incomes may 
have minimum' values of the distribution greater than the maximum 
values for alternative crops. 
Net income variability Is caused by variation in prices, costs and 
yields. (Both costs and gross income must be stable or offset each other 
if net income is to be stable.) Measures of net income variability for 
the five major Iowa crops are presented in table 5 for the state. Since 
corn has the largest net income per acre and also the least variability 
of net income per acre, as expressed by the coefficient of variation, it 
should rank in first place for the state as a whole except where other 
crops must be grown as complementary or supplementary enterprises. 
Oats have the greatest relative variability although their absolute vari· 
ability is smallest. The low mean income of oats causes this difference. 
TABLE 6. NET INCOME VARIABILITY PER ACRE,- STATE OF IOWA, 
1917·48 
Av. mean Root mean Coefficient 'Yeil!"hted 
Crop square square of mean Income 
deviation deviation variation per acre 
Com $298.0 $17.1 70.8% $24.2 
Oats 50.6 6.4 168.2 5.8 
Soybeans 172.0 12.9 98.9 13.1 
Wheat 118.7 10.6 93.9 11.3 
Flax 254.8 15.8 95.6 16.5 
• Operator's labor has not been deducted In computing net Income. 
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TABLE 6. NET INCOME DISTRIBUTION. 
Percent above Number of years 
or below Corn Oats Soybeans Wheat Flax the average· (Av.) (Av.) (Av.) (Av.) (Av.) 
260·300 1 1 
220-260 1 1 1 
180·220 1 1 1 0 
140·180 1 5 0 2 1 
100-140 1 1 3 2 0 
60-100 4 1 2 3 1 
20· 60 2 2 2 2 5 
Mean± 20 4 1 4 11 8 
(-20).(-60) 12 4 1 4 10 (-60H-I00) 3 7 7 7 5 (-100).(140) 3 3 2 1 (-140)-(180) 5 (-180)-(220) 
Unwelghted 
mean 18.51 4.94 13.03 12.29 15.02 
* ThiS table is based on the unweighted average of the 50 townships. 
TABLE 7. INCOME LOSSES IN DOLLARS PER ACRE FRO"'I CROPS. 
1917·48. 
Year Corn Oats I Soybeans 'Vheat Flax 
1921 
- .57 -2.56 
1931 
- .45 -2.64 
1932 
-5.90 -3.50 -.10 -1.79 
1934 - .92 
1935 
-3.11 -.28 
1936 
- .57 
1938 
-2.74 
1939 
-1.83 
Soybeani!, flax and wheat in order of variability are in intermediate 
position between oats and corn. Analysis of uncertainty aspects of vari· 
ability on the basis of the measures presented in table 5 appears valid 
in view of the similarity of distributions of net incomes for the crops 
as shown in table 6.17 Although 32 years of observations are too few 
to accurately describe the frequency distribution, it appears that kurtosis 
and sl,ewness are much the same for all crops. However, distributions 
for some crops may contain more negative years than others. Table 7 
presents some budgeted losses that have occurred for crops in Iowa. 
Oats had the most losses 9 years out of 32; corn lost money only 3 
years out of 32; soybeans lost 2 years out of 20; wheat 1 year out of 32; 
flax had no 10sses.18 Thus, the most risk attached to oats, both from 
the standpoint of income stability and from that of minimizing the 
chance of loss in a particular year. Expectation of fewest losses is 
offered by flax, but it has a relatively high variability of income and 
is not adapted to all areas. In expectation of actual losses, wheat falls 
between corn and flax but is more variable and less profitable in the 
17 Complications that arise when distributions are different are discussed in 
Appendix B. 
18 In budgeting, one set of given techniques was assumed over the entire 
period. This method does not correspond to reality. However, net incomf<s 
compared on this basis correspond more nearly to conditions as they are 
today and eliminate the effects of technological change which occurred. 
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long run than corn. Soybeans have about the same expectation of losses 
in particular years as corn but have greater relative variability with a 
lower mean income. 
RELATIVE VARIABILITY BETWEEN AREAS AND BETWEEN 
CROPS 
A great deal of variability exists in farming conditions within a state 
as large as Iowa. The average growing season ranges from under 140 
days to over 170 days in different parts of the state. Rainfall varies 
from under 28 inches in the northwest to 36 or over in some small areas 
of the southeast. There are about 20 or so major soil associations in 
Iowa and a number of minor ones. Similarly, topography, pests, weeds, 
temperatures and other natural factors that affect the yields of various 
crops and their variability over the state differ with location. Ad-
ditional figures must therefore be examined before predictions can be 
made of the uncertainty attached to different crops and affecting in-
dividual farms. Accordingly, the state was divided into the five areas 
mentioned previously to increase the homogeneity of the areas studied 
and more nearly describe variability as it faces farmers on particular 
soils and at particular locations. 
YIELD VARIABILITY BETWEEN AREAS 
Coefficients of variation were used to measure variability of crop 
yields within areas. Since the frequency distribution of the coefficients 
of variation is unknown, non parametriC" tests were used to test for sig-
nificant dIfferences in variability between areas.'• The differences in 
variability of yields between areas for oats, corn and soybeanslO• were 
significant at the 5 percent level. 
As indicated in table 8, Areas I and II (western and southern Iowa) 
have greater variability of corn, oats and soybean yields than do Areas 
III, IV and V (central and eastern Iowa). This was expected since 
western and southern Iowa are more subject to drouth. Northwestern 
Iowa has less rainfall than the rest of the state, and unless it comes at 
the right time, crops suffer. Similarly, southern and southwestern 
Iowa need rainfall at properly spaced intervals because of a number of 
soil types which do not store much moisture. Less difference between 
the absolute variabilities than between the relative varlabillties suggests 
that weather, climate and other factors have greater effect on mean 
yields than upon absolute variation of yields about the mean. 
Wheat might be expected to follow the same pattern as the above 
crops, but in practice it is grown to a large extent in the Missouri 
bottom lands of Areas I and II where the effects of drouth are less 
noticeable. Wheat yields were most variable in the Clarion-Webster 
area of central Iowa and least variable on Tama-Muscatine soils in 
southeastern Iowa. Other areas had approximately the same relative 
variability for wheat. 
---
,. Nonparametric tests are distribution-free tests and do not depend upon 
a known distribution but rather upon "order statistics" to determine the 
probablllty with which various combinations are Iikely to occur. An 
ordered sample is one in which the largest observation is first. the next 
largest second and so on to the smallest. The distribution of area under 
the density function between any two ordered observations Is Independent 
of the form of the density function. See !\lood, A. !\l. Introduction to the 
theory of statistics. McGraw-Hlll, 1950. . 
:lOa Flax and wheat were not included In the tests. These crops were not 
grown in all sampled townships and often occurred in small acreages In 
those areas where they were grown. 
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TABLE 8. AVERAGE YIELD VARIABILITY FOR CROPS WITHIN AREAS. 
1917-48.* 
Mean square deviation" I Root mean square deviation'· 
Areas 
I I I I I I I I 4/ 1 2 3 4 6 I 1 I 2 3 6 I 
Corn 151.4 110.5 1129.6 137.9 110.0 I'" 110 •• 11.3 11.7 10.5 Oats 68.0 82.0 I 71.4 79.2 56.3 8.2 9.0 8.4 8.8 7.4 Soybeans 27.8 20.0 
/ 
21.8 25.0 17.3 6.2 4.5 4.6 4.9 4.0 
Wheat 26.2 18.6 34.8 29.9 30.1 5.0 I 4.2 5.7 5.2 5.5 Flax··· 25.5 
- 19.7 7.4 2.8 5.0 - 4.5 2.3 1.7 
Coefficient of variation I Mean yield" 
I 
Corn 30.9% 32.2% 25.8% 25.1% 26.3% 139.8 32.8 43.8 46.7 39.9 Oats 27.9 33.5 22.5 24.4 21.7 29.9 27.1 37.3 36.6 34.0 
Soybeans 30.4 31.2 26.1 27.8 26.6 13.0 13.3 17.4 18.2 16.5 
Wheat 28.4 28.7 32.4 26.0 28.9 17.7 14.9 18.5 20.0 19.0 
Flax 42.4 
- 37.0 30.0 21.0 11.8 - 10.5 9.0 
* Data on soybeans cover the period 1927-48 . 
•• These flgures are averages of the township measures expressed in bush-
elS per acre . 
••• Not all areas raised flax, and in those where it was raised, only some 
townships had it. 
Flax followed a" variability pattern similar to that of corn, oats and 
soybeans. Area I in western Iowa was most variable, but Area II did 
not raise any in the townships sampled. Area V (Carrington-Clyde 
soils) had considerably less relatiVe variability of fiax yield than the 
other areas and was followed by Areas IV and III in order of least 
variability. These differences between areas are important for farm 
decisions relative to opportunities involving both level and variability of 
income. 
YIELD VARIABILITY BETWEEN CROPS WITHIN AREAS 
Within-area yield variability data have greater application to in-
dividual farms than estimates of Variability on a state-wide basis. 
Differences in variability between crops within areas were not signi-
ficant at the 5 percent level when nonparametric tests were made. The 
coefficients of variation within areas presented in table 8 differ by 
less than 15 percent. Weather, pests and other natural factors within 
homogeneous areas evidently affect the relative variability of crop 
yields for all crops to about the same extent. (Flax and wheat are 
excepted, since sufficient data were not available.) Thus, within a 
homogeneous area, crop yield variability would introduce about the 
same amount of relative variation into gross and net income variability 
for all crops. 
GROSS INCOME VARIABILITY BETWEEN CROPS AND BETWEEN 
AREAS 
From table 9, it is apparent that little difference in relative vari-
ability of gross income exists between areas and that there are only 
slightly greater differences between crops within areas. Nonparametric 
tests support the conclusion of no significant differences."" The differ-
ences In yield variability between areas is offset somewhat by price 
!() The probab1lity of obtaining a between-crops ordered combination equally 
as likely or less likely by chance was .136. In the case of between-area 
differences, the probability of equally likely or less likelY cases was ,285. 
7.9 
Areas 
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TABLE 9. AVERAGE GROSS INCOME VARIABILITY FOR CROPS 
WITHIN AREAS. 1917·48.* 
l\Iean square deviation I Root mean square deviation 
I I I I I ! I I 1 1 I 2 3 I 4 I 5 1 2 3 4 I I I I I I I Ii 
I 
Corn $359.2 1$181.6 I $324.3 I $408.8 $236.8 $18.81 $13.4 $18.0 $20.1 1$15.4 Oa.ts 53.8 59.2 74.0 85.5 72.7 7.2 7.6 8.6 9.2 8.5 
Soybeans 251.6 175.5 249.6 276.2 173.8 15.7 13.2 15.7 16.5 12.9 
Wheat 155.6 118.7 154.6 
1 
191.3 163.8 12.31 10.8 12.3 13.6 12.7 Flax 381.1 I - 297.0 256.1 113.9 19.5 - 17.1 16.0 I 10.7 
Unwelghted mean Coefficient of variation I gross income per acre 
I 
Corn 55.7% 56.9% 56.9% 51.7% $32.4 $35.4 Oats 58.1 64.4 62.4% I $30.0 I $24.2 55.8 56.4 57.4 12.4 11.8 15.3 16.2 
Soybeans 70.6 68.4 63.2 63.6 58.4 22.5 19.4 25.0 26.0 
Wheat 56.9 57.9 55.8 55.0 34.0 21.5 18.7 22,5 24,6 
Flax 70,1 I - 68,1 70.4 56,9 27,9 I - 25,2 22.7 
* Soybean data cover the period 1927·48. 
variability. while the difference between crops is increased but not 
significantly when prices and yield effects are combined in gross income. 
However, the producer is most interested in the variability and magni. 
tude of net incomes, Therefore cost variability, another source of net 
income variability, is taken up next. 
COST VARIABILITY 
There is less difference in Variability of costs between areas than 
for price and yield variability, A large portion of the costs of pro-
duction and their variability is approximately the same in all areas 
for the same crop; regardless of the amount of crop harvested, the 
same amount of plowing, disking and cultivating usually goes into the 
raising of the crop, There are some local differences Introduced be-
cause of transportation costs and taxes, but these differences are small. 
Harvesting costs such as corn picking, baling and combining tend to 
vary with yield. but the variability introduced by such costs is not 
enough to cause any great differences between areas, In table 10, only 
TABLE 10, AVERAGE COST VARIABILITY FOR CROPS WITHIN 
AREAS, 1917·48,* 
:llean square deViation I Root mean square deviation 
Areas I 
1 1 I I I I I I 1 I 2 3 4 6 1 I 2 3 4 6 I I I 
I I 1,8 Corn 3,8 3.4 4,2 3,8 
I 
3,3 2,0 1,8 2.0 2,0 
Oats 2,9 2,7 
1 
3,0 3,0 3.0 1.7 1.6 1.7 1.7 1.7 
Soybeans 7.4 7,1 7,5 7,5 7,2 2,7 2,7 2.7 2.7 2.7 
'Wheat 3.8 3,6 I 3,8 3,8 3.7 1,9 1.9 2.0 1.9 1.9 Flax 5,3 - 5,2 5.0 6.1 2,3 - 2.3 2.2 2.2 
Coefficient of variation I 
I I 
Corn 15,4% I 15,3% I 14.8% I 14.9% 14.3% I Oats 18,1 18,2 I 17.8 17,9 18,1 I Soybeans 25.4 25,4 25,0 25,0 25.0 I 
Wheat 19,2 19,4 18,7 I 18.8 18,8 I Flax 24.9 I - I 24.7 25.0 24.6 I 
• Soybean data cover the period 1927·48, 
$29.3 
14.8 
22.3 
23,4 
18,8 
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TABLE 11. AVERAGE NET INCOME VARIABILITY FOR CROPS 
WITHIN AREAS. 1917-48.' 
::\Iean square deviation I Root mean square deviation 
Areas I I I I I I I I I 1 II 2 I 3 4 I ;; 1 I 2 3 4 6 I I I 
Corn 307.0 1273.5 I 354.6 1199.7 117.3 112.1 
Oats 36.'1 45.3 I 52.3 I 63.1 6.6 7.2 7.8 7.1 Soybeans 188.1 1
1 6
.
1
123 3 ! 182.1 1 193 .0 I 51.3 121.0 I 5.9 I 13.6 111.1 1
16 5 
13.4 13.5 1
18 7
10.8 1
14
Wheat 116.6 87.1 117.6 147.4 1126.5 10.6 I 9.2 \10.7 11.9 11.1 Flax 311.3 233.4 199.2 I 77.2 17.6 1- 15.2 14.0 S.8 
Coefficient of variation I Unweighted area means 
Corn 
Oats 128.6 253.1 
100.4 % \ 100.6 % 
'M% I 8<.8% I ".'% 1".'''''.12 1 "." 1 "." I"·" 130.4 1126.4 1140.2 3.08 I 2.80 5.60 6.59 5.30 Soybeans 121.3 
1
106
.
2 96.7 91.4 95.3 11.82 I 4.98 14.01 15.0S 11.62 94.6 82.S \ 84.5 111.36 I 8.S6 12.04 14.28\13.16 Wheat 94.7 106.2 Flax 95.2 
Average 110.1 141.5 
96.2 1101.7 I 91.3 18.71 1- \ 14.00 11.87 7.68 
102.1 I 97.4 I 9,!!,S I I 
• Soybean data cover the period 1927-48. 
a slight difference is apparent in cost variability between the central 
and eastern areas (III, IV and V) with their more stable yields and 
between the western and southern areas (I and II) with their more 
variable yields. The differences did not prove significant at the 5 per-
cent level when nonparametric tests of the coefficient of variation were 
made. However, crops involve different techniques of prodUction and 
therefore different cost structures; fixed cost combinations as well as 
variable cost combinations differ between crops. The differences in cost 
Variability between crops within areas which nonparametric tests con-
firmed as significant at the 5 percent level may be noted in table 10. 
NET INCOME VARIABILITY 
If costs were to vary in the same direction and to the same extent 
as gross income, net income could be relatively stable even though 
costs, yields and prices each varied considerably. In reality, as shown 
in tables 9 and 10, costs tend to vary less than gross incomes for the 
five major crops under consideration. Net income Variability is, there-
fore, relatively large even where costs and gross incomes do vary in 
the same direction since the cost variations are not large enough to 
offset gross income variations. Table 11 shows noticeable differences 
in income variability between areas and between crops within areas. 
(Costs and gross returns are not positively correlated to the same de-
gree in all areas and Jor all crops, although negative correlation is un-
likely.) Nonparametric tests indicate that these differences are signi-
ficant at the 5 percent level both between areas and between crops within 
areas. Variability of income figures for individual areas therefore is 
more important than yields, costs and gross returns variability in 
making recommendations to individuals. Also, the larger the differ-
ences between crops with respect to income variability, the more im-
portant is the selection of uncertainty-reducing crops or combinations 
in order to achieve income stability. 
In making comparisons of net income variability between crops with-
in areas which gives rise to uncertainty, one may compare the co-
efficients of variation in table 11 directly. For farmers choosing to 
avoid risk of bankruptcy or for those interested in the possibility of 
very high incomes, the average rangeszt representing the lowest and 
21 The average ranges were calculated by taking the average of the end 
points of the Individual township ranges within each area. 
643 
TABLE 12. AVERAGE RANGES. OF NET RETURNS PER ACRE 
FROM VARIOUS CROPS. 1917-48.·· 
Areas Corn Oats Soybeans 
I $ -6.20 to $68.00 $ -4.68 to $17.32 $ -3.78 to $40.64 
II -5.77 to 45.31 -5.09 to 25.00 -3.80 to 35.31 
III -6.78 to 63.93 -4.28 to 21.09 -2.35 to 42.24 
IV -4.88 to 75.22 -4.04 to 24.11 -3.31 to 44.04 
V -5.55 to 55.36 -3.99 to 22.97 -2.78 to 30.96 
Areas Wheat Flax 
I $ -3.17 to $39.30 $ 4.82 to $74.50 
II -3.42 to 35.47 
III -3.56 to 38.34 - .91 to 72.14 
IV -2.65 to 44.94 -1.60 to 52.78 
V -3.88 to 47.16 - .69 to 39.02 
• End points of the above ranges are averages of the end points of the 
indIvidual township ranges. . 
•• Soybean data cover the period 1927-48. 
highest net returns that have occurred in the past"" are presented in 
table 12. Except in Areas I and IV the order of crops having the highest 
minimum income was as follows: flax, wheat, soybeans. oats and corn. 
In the two exceptions, wheat and soybeans Were interchanged. (Area 
II did not report flax but the order was otherwise as indicated·1 
However, the range also has limitations of interpretation. While 
the range suggests that wheat losses per acre will be small, it gives no 
information as to the relative frequency of losses. The average number 
of years in which actual lOSSes or negative returns per acre occurred 
are tabulated in table 13. Although corn has shown some relatively 
large losses, these have occurred infrequently. Oats have had the most 
years of negative income. Soybeans, flax and wheat as shown in the 
table have varied somewhat with areas in their ranking. However. all 
crops were more variable in Areas I and II (western and southern 
Iowa) where the drouth hazard is greater than in the other areas. 
TABLE 13. AVERAGE" NUMBER OF YEARS IN WHICH LOSSES 
OCCURRED IN THE PRODUCTION OF VARIOUS CROPS BY 
AREAS. 1917-48.·' 
Area Corn Oats Soybeans Wheat Flax years years years years years 
I 3.8 11.6 4.4 4.2 2.5 
II 4.6 15.8 4.2 4.8 
III 2.6 7.9 2.7 4.4 1.0 
IV 1.8 7.1 3.1 1.0 2.3 
V 2.8 8.0 2.8 2.0 3.0 
• Years of negative income are the average number of years in which losses 
occurred. (Average of the number of years losses occurred in each town-
ship, i.e., the average number of years losses occurred in the townships 
of each area.) 
•• Soybean data cover the period 1927-48. 
Some crops such as flax and wheat were grown in only a few of the 
townships sampled in each area. Table 14 indicates the number of 
townships sampled and the number of townships which reported each 
of the crops. Where crops were grown in only one or two townships 
in an area for the 32-year period, the acreages reported were usually 
small . 
.. 32 years for corn, oats, flax and wheat; 22 years for soybeans. 
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TABLE 14. NU:\1BER'OF TOWNSHIPS OF THE SAMPLE REPORTING 
EACH CROP, 19"17-48." 
Area Total in Com Oats Soybeans Wheat Flax sample 
I 12 12 12 T 9 2 II 5 Ii Ii 4 0 
III 14 14 14 14 5 8 IV 13 13 13 13 1 10 V 6 6 6 6 1 3 
• Sample. data covered the period 1927-48 for soybeans. 
The difference in number of years of losses could be the result of 
kurtosis or skewness of the income frequency distribution. It is quite 
possible for two crops with the same coefficients of variation to be 
skewed in different directions. However, from table 15 it appears that 
all of the five crops have similar net income distributions, i.e., they tend 
to have more high incomes than low incomes (skewed to the right).so 
All of the crops are probably enough aUke "in this respect so that a 
direct comparison of their dispersions and ranges will give satisfactory 
information about their variability as it affects uncertainty, although 
32 observations are not enough to describe the true distribution with 
very great precision. Some indication of the relative peakedness of the 
net income distributions for the various crops in the different areas is 
also presented in table 15. The interval having the most observations 
contains the peak; the relative number of observations indicates its 
relative height. No great differences between crops are present. 
REDUCTION OF VARIABILITY IN CROP COMBINATIONS 
Where only one crop is raised, the crop with the least variable in-
come could be chosen to obtain the most stabie income as previously 
discussed. However, while single-crop farming is practiced in some 
areas, most farms raise two or more products. By producing some 
legume forage along with corn, the corn yields are increased. Up to 
some point, increasing the legume acreage increases total crop production 
because the increased yield per acre due to added nitrogen, soU tilth, 
disease control, etc., more than offsets the reduction caused by with-
drawing acreage from corn. Until the point is reached where increased 
yield per acre no longer compensates for the acreage withdrawn, It pays 
to raise the two crops together even if the forage has no other value 
than as a green manure crop. On the other hand, given a specified farm 
and equipment setup, it is often convenient to produce two or more crops 
which make use of the resources of production at different times. For 
example, a livestock enterprise such as cattle feeding may make use of 
available labor and equipment during the months when they are not 
needed for corn production. 
Diversification also serves to reduce variability of income; should 
one crop fail, another may stilI be prOfitable. Thus, when farmers decide 
upon enterprise combinations (products) for the farm, stabilizing in-
come as well as maximizing income is important. It is not enough to 
choose just any two crops for this purpose even though they may meet 
the conditions of complementarity and supplementarity; should one crop 
fail the other must not. Crops are chosen which will not be affected 
adversely by the same conditions. Even better results (from a stablU-
zation viewpoint) would be obtained if those conditions which adversely 
so Soybeans tended to be bimodal In distrIbution of net incomes, but this may 
be a property of the shorter period for which the data were available. 
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TABLE 15. DISTRIBUTION OF NET RETUR~S· FRO:'! CROPS WITHIN 
AREAS, 1917-48." 
over 380% 
340-380 
300-340 
260-300 
220-260 
180-220 
140-180 
100-140 
60-100 
20- SO 
Mean:±: 20% 
-20 to -60 
-60 to-l00 
-100 to-180 
-180 to -220 
-220 to -2S0 
Over -2S0 
340-380% 
300-340 
260-300 
220-260 
180-220 
140·180 
10U-140 
60·100 
20- 60 
Mean ± 20% 
-20 to -60 
-60 to-l00 
-100 to-140 
-140 to-180 
340-380% 
300-340 
260-300 
220-260 
180·220 
140-180 
100-140 
60-100 
20- 60 
Mean:±: 20 % 
-20 to -60 
-60 to-100 
-100 to-140 
-140 to-180 
Area I 
Area III 
I I I : 
I I [I I ~ I ~ I i 11 3 ! ~ ll~ll~ ~II~ 
2112135 
I I I I 
Ii I ! t ~ I Ii I I! 
Area V 
I I I I 
I I I I ! I ! I 1 
'i I I I ! III I 
1 
o 
2 
2 
3 
3 
;1 
Area II 
Area IV 
I [ t 
r I : 2 
! I ! I ! I i 
Ii I ! I ¥ I ! I ~ 
1 I ~ I 1 I 2 i 1 
• Operator's labor has not been included as an expense in the computation 
of net incomes. 
*" Soybean datn cover the period 1'2,-48. 
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affect one crop would produce a bumper crop of the other product. Such 
negative correlations would insure stable yields although any correlation 
algebraically less than 1 has an advantage. Similarly, if it were possible 
to combine crops in such a manner that those crops which show a loss 
or low income in a particular year could be offset by crops returning 
a relatively high income, a step toward stability would be achieved. The 
serial correlation coefficient may be used as an indicator of this situ· 
ation. Two crops tending to have high incomes during the same seasons 
would have a correlation coefficient approaching a positive 1. Those 
tending to vary in opposite directions would have a coefficient ap-
proaching a negative 1. The closer the approach to positive 1, the 
more confidence we may place in simultaneous occurrence of the high 
(low) income from both crops. On the other hand, the closer the 
approach to a negative 1, the greater the probability of a low income 
from one crop being offset by a high income from the other. 
Correlation coefficients of yields between some of the crops are 
listed in table 16. Corn and soybeans have the highest correlation 
and are therefore not good crops to raise together from the stand-
point of reducing yield variability. Flax and corn have a very small 
positive correlation or a slightly negative correlation in the different 
areas and produce the most stable yield combination. 
Prices may also be serially correlated, and the indication of this 
phenomenon appears in table 17." All of the grain crops prices are 
highly correlated. Less correlation appears between grain crops and 
hay. Corn and hay have the lowest correlation insofar as prices are 
concerned, and that combination therefore introduces less variability 
from prices. 
When net income correlation (table 18) between grain crops Is 
taken into account, that of corn and wheat seems to be lower than 
that of any other combination sho\vn. Corn and soybeans have the 
highest correlation of net income. Corn and soybeans would not, 
therefore, be grown together to reduce variability. Similarly, other 
combinations may be considered from the correlation coefficients. For 
more information on the effects on variability of combining crops, see 
tne section on diversification. 
LIMITATIONS OF ANALYSIS'" 
One obvious limitation of the analysis results from the fact that 
farming in Iowa consists of raising more than field crops. Combi-
nations of livestock enterprises and combinations of livestock and 
field crop enterprises are made. To be complete, our analysis should 
be extended to cover these combinations. Tables similar to the ones 
set forth for major field crops could be drawn up for the major live· 
stock enterprises and also between livestock and crop enterprises. 
These might be useful in selecting enterprises necessary for income 
stability. It may well be that a low income in any particular season 
caused by failure of one crop could be offset by success in a par-
ticular livestock enterprise. The amount of income given up to at· 
tain stability is not indicated though. (The following section on 
diversification will cover that point.) In View of these limitations, 
our study may be considered only a beginning. Where guesses as to 
the variability !:If crop returns based on a few years' experience and 
.. See section on Methodological Problems In Measurement. 
25 Other than the methodological problems already presented. 
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TABLE 16. CORRELATION BETWEEN YIELDS OF DIFFERENT 
CROPS. 
Area I Areall Area III Area IV Area V 
I I I I 
Corn I Oats Corn I Oats Corn I Oats Corn I Oats Corn I Oats I I I 
I I I I I Corn 1 1 I 1 ! 1 1 I Oats .44 I 1 .46 I 1 .31 1 .34 I 1 .22 1 Soybeans .55 .35 .70 .38 .61 .32 .65 I .26 .58 I .15 Wheat .21 I .34 I .24 I .23 -.05 Flax .15 I - I .35 I -.20 .13 I 
TABLE 17. CORRELATION COEFFICIENTS OF PRICES FOR IOWA 
BETWEEN CROPS. 
I Corn Oats Soybeans Wheat Flax Hay· 
Corn 1 .87 .79 .78 .84 .17 
Oats . 1 .86 .91 .87 .37 
Soybeans 1 .86 .81 .52 
Wheat .~-;. J,l: ~ij 1 .86 .54 
Flax 1 .37 
Hay· 1 
• ;\I!xed clover and timothy. 
TABLE 18. CORRELATION COEFFICIENTS BETWEEN NET RETURNS 
PER ACRE OF DIFFERENT CROPS (BY AREAS). 
Corn I Oats I Soybeans Wheat Flax 
Area I 
Corn 1 .71 .75 .63 .68 
Oats 1 .69 
Area II 
Corn L'I 1 .57 .83 .61 Oats 1 .74 
Area III 
Corn .78 .78 .56 .74 
Oats 1 .82 
Area IV 
Corn 1 .68 .80 .56 .58 
Oats 1 .78 
Area V 
Corn 1 .74 .78 .51 .80 
Oats 1 .78 
memory have been the basis for estimating relative uncertainty of 
crops, the variability estimates presented may be used to eliminate 
the guess work and memory bias regarding the past. 
TABLE 19. VARIABILITY OF YIELDS' IN 14 SELECTED TOWNSHIPS, 1917-48 .• * 
Reading Sheridan Lincoln Lincoln Jordan Logan 
Measure Crop Twp. Twp. Twp. Twp. Twp. Twp. Sioux Scott Polk :lfontgomery Monona Lyon 
County County County County County County 
:lfcan Corn 162.8 66.4 136.3 124.9 100.9 162.9 Oats 99.3 60.2 52.2 49.5 45.4 99.0 
square ~oybean~ 27.3 29.5 24.2 30.6 18.6 deviation 
"'heat 49.5 :11.7 
Flax 29.0 10.8 
Root Corn 12.8 8.2 11.7 11.2 10.0 1~.8 
mean Oats 10.0 7.8 7.2 7.0 6.7 10.0 
"quare Soybeans 5.2 5.4 4.9 5.5 4.3 
deviation "'heat 7.0 fi.6 
Flax 5.4 3.3 
Coefficient Corn 30.7 12.0 18.5 23.7 25.3 32.2 Oat,; 28.4 17.4 l!U) 25.6 30.2 25.9 
of Soyhean~ 29.7 24.6 24.7 40.0 '32.1 yariation 
'Yheat 25.6 32.9 
Flax 59.5 < 25.6 
M~an Corn 41.6 67.S 63.1 47.1 39.7 39.7 
yield Oats 35.1 -14.7 36.2 27A 22.3 38.4 
per Soybean" 17.6 22.0 19.9 13.S 13.4 
acre \Vheat 16.9 17.1 
Flax 9.0 12.8 
SolI type GPS T:lW c"r :lTarsha)) n[~ :lrood~' 
• Units of measure are in bushels . 
•• SoyIJean data cover the period 1927-48. 
Oakland 
Twp. 
Louisa 
County 
77.0 
62.2 
19.5 
S.S 
7.9 
4.4 
19.3 
28.7 
30.4 
45.4 
27.5 
14.5 
River 
~ 
.... 
00 
TABLE l~ (Continued) 
Cedar Harri~on 
)Iea;;ul'e Crop TWjJ. Twp. Lee Kossutll 
County County 
Corn 128.8 60.2 )\can OatH 100.0 52.2 
square Ho~:beans 11.8 14.8 deviation \\'heat 
Flax 7.6 
Root Corn 11.4 7.8 
Incan Oats 10.0 7.2 
~quarc Soybeans 3.4 3.8 
deviation ""heat 
Flax 2.8 
Coefficient Corn 24.9 15.4 OatH :12.0 19.9 
of SO)'beans 19.1 27.8 
variation \\'heat 
Flax 23.9 
;\[ean Corn 45.6 50.4 
yield Oats 31.2 36.2 
per Soybean;; 18.0 13.8 
acre \\'heat 
Flax 11.5 
§()i1 type GH CW 
Saratoga Grand Troy 
Twp. :\[eadow 1'wp. '.rwp. 
Howard Clayton Clarke 
County County County 
77.7 107.1 145.4 
79.3 69.4 153.5 
7.4 .22.S 27.4 
6.1 
8.8 10.4 12.1 
S.!} S.3 12.4 
2.7 4.8 5.2 
2,[) 
23.8 16.9 33.0 
28.8 20.0 39.6 
24.4 32.9 34.1 
38.4 
37.1 61.:1 36.G 
31.0 41.6 31.2 
11.1 14.5 15.4 
6.4 
CC TD GHS 
Harrison 
Twp. 
Benton 
County 
94.3 
7ri.G 
10.4 
9.7 
8.7 
3.2 
19.8 
26.5 
22.S 
49.1 
32.8 
14.1 
_Sandy 
\Vashington 
Twp. 
Appanoose 
County 
!1O.6 
100.0 
16.S 
9.5 
10.0 
4.1 
~1.G 
37.7 
29.8 
30.0 
26.5 
13.8 
Sh. Se~·. Ed. 
C> 
.... 
<0 
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VARIABILITY OF CROP PRODUCTION IN SPECIFIC TOWNSHIPS 
REPRESENTATIVE OF SOIL TYPES 
Since crop yields are affected by fertility, permeability, depth. 
slope and other soil characteristics, farms located on the same soil 
associations will have similar yield variability. Rotations and culti-
vation procedures are also determined to a large extent by the soil 
types and slopes. Thus, differences in variability that might result 
from cropping practices are less on a particular soil association than 
for the state as a whole. The selection of 14 townships, each judged 
to be the representative of a specific soil association, was used to 
estimate variability of yields and incomes on particular soil types. 
The specific soil types are listed in tables 1 and Zl. Analysis of the 
variability was then made in the same manner as for the 50-township 
sample. 
YIELD VARIATION BETWEEN THE 14 TOWNSHIPS 
If the soil experts' opinion, that each of the townships is repre-
sentative of a specified soil association, is correct, the differences in 
yield, cost and income variability may be caused partly by weather 
and soil conditions at different locations. Measures of yield vari-
ability (mean square deviation, root mean square and coefficient of 
Variation) are presented in table 19. The range of yield variability 
over the 14 townships is shown in table 20. 
TABLE 20. RANGE OF CROP YIELD VARIABILITY OVER 
14 SELECTED TOWNSHIPS. 
Crop 
Mean square 
deviation 
low avo 
Corn aO.2 109.7 
Oats 45.4 78.4 
Soybeans· 7.4 20.1 
Wheat·· 31.7 40.6 
Flax··· 6.1 13.4 
• 13 townships reported soybeans .. 
.. 2 townships reported wheat . 
••• 4 townships reported flax. 
Coefficient of 
variation 
high low avo high 
162.9 7.8 23.4 33.0 
15~.3 6.7 27.2 39.6 
30.6 2.7 28.6 40.0 
49.5 5.6 29.2 32.9 
29.0 2.5 36.8 59.5 
TABLE 21. DIFFERENCES IN RELATIVE VARIABILITY OF CROP 
YIELDS ON DIFFERENT SOIL TYPES. 
* 1~lml No. Township Soils 0:: .. 0 0 * >< ~ ~ 
1 Sheridan Tama-Muscatine·Garwin 1 I 1 I 2 12 2 Lincoln. P Clarlon-Webster·Nlcollet 1 I 11 2 3 Harrison, K Clarion-Webster·Nicollet 1  2 4 Harrison. B Sandy loam 1 
III 
2 
Ii Grand Meadow Tama-Downs 1 
6 Oakland River bottom soils 1 
7 Cedar Grundy·Hall!:' 2 
8 Saratoga Carrington·Clyde (plastic) 2 
9 Reading Galva-Primghar-Sac 3 
10 Lincoln. M: Marshall 2 
11 Logan Moody 3 
12 .Jordan Ida-Monona·Napier 2 
13 Washington Shelby·Seymour-Edlna 3 
14 Troy Grundy·Haig·Shelby 3 
• 1 represents a yield coefficient of variation under 20%. 
2 represents a yield coefficient of variation of 20%-30%. 
3 represents a yield coefficient of variation of over 30%. 
3 
3 
1 
I 2 3 I 2 2 3 I ~ 3 2 3 I 2 I 3 3 2 1 3 2 I 3 3 I 
Fig. 3. Fourteen 
PRINCIPAL SOIL ASSOCIATIONS 
C,Y: Clarion and ·Webster 
CC: Carrington and Clyde 
CpC: Carrington and Clyde, plastic till phase" 
TM: 'l'ama and Muscatine 
B: SolIs of Bottomlands 
TD: Tama and Downs· 
MT: Mahaska" and Taintor" 
CL: Clinton and Lindley 
IjIOlt1'" .T,"UI. 
" 
I 
24 Mil ... appro •. 
Sealt 
SS,Y: Shelby, Sharpsburg" and Winterset" MPS: Marcus, Primghar. and Sac· 
F: Fayette SC>Y: Storden·, Clarion and Webster 
FDS: Fayette, Dubuque and Stony Land SGH: Shelby, Grundy and Halg· 
GPS: Galva", Primghar· and Sac" SSE: Shelby. Seymour" and Edina 
GR: Grundy and Halg* WL: Weller and Lindley 
M: Marshall ---Abrupt Boundary 
Mo: Moody· - - - - - - Tentative Boundary 
lIHH: Monona", Ida" a~d Hamburg< II f III Gradational Boundary 
"New names not on county soil maps 
~ 
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The data in these tables indicate that variability of crop yields 
differs with location. Sol1s and weather evidently affect the yield 
variability of crops enough' to necessitate measuring variability for 
each area separately where estimates of uncertainty are to be made 
for particular areas. The rank of the' crops according to yield vari-
ability measured by mean square of deviations does not change 
greatly from township to township. Except for two townships, corn 
has the greatest yield variability followed by oats, wheat, soybeans 
and flax In order. The rank of crops with respect to relative vari-
ability varies throughout the townships, however. Obviously, where 
ranking crops in order of relative variability of yields is of primary 
interest, measures of relative variability for each soil area are im-
portant. 
Table 21 shows a ranking of relative yield variability for the 14 
townships. Crops have been ranked on each soil association as 1, 2 or 
3, according to whether their coefficients of variation were less than 
20 percent, 20-30 percent, or over 30 percent, respectively. The rela-
tive variabll1ty tends to be lowest in those areas having the highest 
mean yields; the three townships with least variable yields have the 
highest means. (The townships In the table are in order of least 
variable to most variable yields, and their locations on the soil map, 
fig. 3, are numbered to correspond to the township numbers used in 
table 21.) Soils with least v~riable crop yields (Tama-Muscatine-
Garwin, Clarion-Webster-Nicollet, and the sandy loam soils of Harrison 
Township in Benton County) are level to rolling prairie soils of 'me-
dium permeability located in areas of 28 to 3,2 inches of rainfall. 
Grundy-Halg so11s form an exception in the case of soybeans, probably 
because the soybeans can be planted late in the season after spring 
rains have had a chance to dry up. Not all of the differences be· 
tween yield variability on different soils should be attributed to sol1 
types per se. Such factors as rainfall, hail and frost dates also affect 
variability. Thus Reading and Logan townships in the northwestern 
part of the state have less than 28 inches of rainfall, causing a part 
of the yield variability on Moody and Galva-Prlmghar·Sac so11s es-
pecially When the rain does not come at just the right time. Jordan 
Township in Monona County (lda-Monona-Napier soils) has quite a bit 
of land with steep slopes. Also drouth has struck the western and 
southern portions of the state hardest and most frequently. This phe-
nomenon accounts for a great deal of the varlabillt~' In these areas. 
Other soils with high relative variability are relatively .impermeable; 
yields are reduced In wet years when standing water does not drain 
away. 
There was some tendency for corn to be least variable on all soils, 
followed in order by oats and then soybeans. (Not enough of the 
townships raised the other crops continuously for classification pur-
poses.) 
GROSS INCO:\IE VARIABILITY IN THE 14 TOWNSHIPS 
There are greater differences in gross income variability (table 2,2) 
between the 14 townships representing soil types than between the 
five areas of the previous sample analyzed. The five areas within the 
sample of 50 townships were larger, hence not as uniform. More of 
the total variability is within and less between areas than in the areas 
represented by the 14 townships. Various gradations of each soil 
association as well as more soil types were included in the larger 
areas with a shading of one into another, while in each of the 14 town· 
ships only one distinct soil association was represented. There ap-
pear to be differences in the mean square deviation between areas 
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for all crops. The number of observations for wheat and flax (two 
townships raised wheat and four raised flax) was limited. and no 
great differences were apparent between the f~w townships growing 
these crops. The evidence of differences is sufficient. however. to 
warrant measures of variability for soil areas where the measures 
are to be used to make recommendations to farmers. The coefficients 
of variation in table 22 may be used to flnd the crop in each area 
with the least gross income variability and hence the least uncer-
tainty. For example. in Sioux County, Reading Township, coefficients 
of variation indicate the crop with least variability of gross income 
per acre to be oats followed by soybeans. corn and flax in order. 
VARIABILITY OF COSTS FOR CROPS IN THE 14 TOWNSHIPS 
As before. in the process of arriving at net income variability. the 
costs of production are taken into account. Differences between soil 
areas with respect to cost variability are small. The slightly greater 
differences of cost variability between crops than between areas in 
table 23 is in line with the previous analysis of the 50-township 
sample. 
Where one is interested in comparing the variabillty of costs be-
tween crops within a township. the coefficient of variation may be 
examined in table ,23. For example, in Sioux County, Reading Town-
ship, the least variable (relative to the mean cost) crop is corn 
followed by oats. flax and soybeans. Similarly one may examine the 
indexes of variabiUty in the other townships. 
NET INCOME VARIABILITY FRO:.r CROPS IN THE 14 TOWNSHIPS 
It is possible for costs and gross incomes to be positively correlated 
to an extent causing a relatively constant net return from a crop. 
However. from table 24, which presents estimates of net income varia-
b1l1ty from crops in the 14 townships, it is obvious that this does not 
occur to any great extent. Not only is the income from particular 
crops variable. but considerable differences in variability exist be-
tween townships as well as between crops. Similarly. the dispersion of 
incomes relative to the mean differs from area to area. Table 25 
11Iustrates differences between areas in relative income variability 
of crops. Townships are ordered according to their corn income vari-
ability. i.e.. the township with the least variable corn returns heads 
the list. Corn not only has the least variability of income (relative) 
in all areas but also presents the smallest differences between areas. 
Those soil areas having greatest variability again lie in the western 
or southern part of the state. The higher variability of weather and 
hence yields in those areas contributes greatly to Income variation. 
In general the differences between soils in income variability of 
oats tend to follow the same pattern as for corn except that the range 
of differences is greater. Tama-Muscatine-Garwin and Clarion-Webster-
Nicollet soils have least variability, while varIable incomes result on 
western and southern soils, the areas most affected by drouth. The 
relative variability of oats returns on the river bottom soils of Oak-
land Township is also high. not so much as the result of high absolute 
variability but because of a low mean income. Average oats yields. 
and. hence. incomes are low where land is often flooded or too wet in 
the spring. 
Beans also follow the general pattern of being most variable with 
respect to income In western and southern Iowa and least variable on 
the Tama·Muscatine·Garwin and CIarion-Webster-Nicollet associations. 
TABLE 22. VARIABILITY OF GROSS INCOMES FROM 5 ::\lAJOR CROPS IN 14 SELECTED TOWNSHIPS. 
1917-48.· (Mean Square Deviations in Dollars per Acre.) 
-----
Measure I 
Reading Sheridan Lincoln Lincoln Jordan Logan . Oakland 
Crop Twp. Twp. Twp. Twp. Twp. Twp. Twp. Sioux Scott Polk Montgomery Monona Lyon Louisa 
County County County County County County County 
Mean Corn 451.1 797.4 495.4 374.4 276.9 402.5 335.1 Oats 69.5 132.1 56.5 35.5 36.4 87.6 49.8 
square Soybean>; 215.3 428.3 318.0 279.1 192.9 228.8 deviation \Vheat 106.8 169.6 
Flax 360.3 10.8 
Root Corn 21.2 28.2 22.3 19.4 16.6 20.1 18.3 
mean Oats 8.3 11.4 7.5 6.0 6.0 9.4 7.1 
square Soybeans 14.7 20.7 17.8 16.7 13.9 15.1 
deviation "'heat 19.0 10.3 13.0 
Flax 3.3 
Coefficien t Corn 66.9 53.8 48.3 54.6 56.2 66.4 52.0 Oats 58.8 53.4 51.2 52.6 64.6 59.1 58.0 
of Soybeans 60.8 66.4 61.6 74.5 71.3 73.2 
variation 
"'heat 51.7 60.5 
Flax 88.9 25.6 
Mean Corn 31.8 52.5 46.1 35.4 29.6 30.2 35.2 gross Oats 14.2 21.5 14.7 11.3 9.3 15.8 25.4 income Soybeans 24.1 31.7 38.9 22.5 19.5 20.7 per \Vheat 20.0 21.5 
acre Flax 21.4 29.8 
Soil type GPS T::\rG CW ::\larshall UIN Moody River 
• Soybean data cover the period 1927-48. 
C> 
"" .... 
TABLE 22 (CoJ}tinued) 
Cedar Harrison 
Measure Crop Twp. 
Twp. 
Lee Kossuth 
County County 
llean Corn 301.1 
349.9 
Oats 64.6 55.6 
square SO~'beans 202.6 175.4 deviation 
-Wheat 
Flax 311.3 
Root Corn 17.4 18.7 
mean Oats 8.0 7.4 
square Soybeans 14.2 13.2 
deviation Wheat 
Flax 17.6 
Coefficient Corn 50.8 51.3 Oats 59.4 61.3 
of Sovbeans 59.2 65.0 
variation 
'Vheat 
Flax 64.3 
Mean Corn 34.2 31).5 gross Oats 13.1. 14.5 income Soybeans 24.0 20.4 per Wheat 
acre Flax 27.6 
Soil type GH ew 
Saratoga Grand 
Twp. Meadow Twp. 
Howard Clayton 
County County 
189.8 415.8 
58.3 107.5 
82.1 164.8 
191.8 
13.8 20.4 
7.6 10.4 
9.0 12.8 
13.8 
50.6 45.1 
56.5 55.5 
54.7 60.9 
81.9 
27.2 45.2 
13.5 18.7 
16.6 21.1 
16.9 
CC TD 
- --- -- --
Troy Harrison 
Twp. Twp. 
Clarke Benton 
County County 
234.2 291.9 
85.3 101.5 
269.6 140.5 
15.3 17.1 
9.2 10.1 
16.4 11.8 
57.2 46.5 
69.4 62.0 
75.6 60.0 
26.7 36.7 
13.3 16.3 
21.7 17.8 
GHS Sandy 
-Washington 
Twp. 
Appanoose 
County 
171.8 
58.3 
131.0 
13.1 
7.6 
11.4 
58.6 
67.2 
63.1 
22.4 
11.4 
18.2 
Sh. Sey. Ed. 
C!> 
C11 
en 
Measure 
Mean 
square 
deviation 
Root 
mean 
~Quare 
deviation 
Coefficient 
of 
variation 
Mean 
cost 
per 
acre 
Soli type 
TABLE 23. VARIABILITY OF CROP COSTS IN 14 SELECTED TOWNSHIPS. 1917-48.· 
(Coefficient of Variation in Percent.) 
Reading Sheridan Lincoln Lincoln Jordan Logan 
Crop Twp. Twp. Twp. Twp. Twp. Twp. Sioux Scott Polk :l<rontgomery :l<lonona Lyon 
County County County County County County 
Corn 8.5 8.4 8.9 8.2 8.3 9.1 
Oats 6.4 6.0 6.5 5.6 6.1 6.0 
Soybeans 16.5 16.3 17.6 17.6 16.2 
"'heat 8.2 7.6 
Flax 9.9 9.5 
Corn 2.9 2.9 3.0 2.9 2.9 3.0 
Oats 2.5 2.5 2.6 2.4 2.5 2.4 
Soybeans 4.1 4.0 4.2 4.2 4.0 
\Vheat 2.9 2.8 
Flax 3.2 3.1 
Corn 19.0 17.3 17.5 18.8 19.1 20.3 
Oats 22.0 21.0 20.9 21.4 22.7 22.1 
Soybeans 30.0 29.3 29.3 31.1 30.9 
Wheat 23.3 22.3 
Flax 28.6 27.7 
Corn 14.9 16.7 17.1 15.4 15.0 14.9 
Oats 11.0 11.7 12.2 11.0 10.8 11.1 
Soybeans 13.2 13.8 14.3 13.5 13.0 
\Vheat 12.3 
Flax 11.0 11.1 
GPS Tl\fG CW :;larshall IMN Moody 
-
• Soybean data cover the period 1927-48. 
Oakland 
TWE' Lou sa 
County 
8.4 
5.9 
16.8 
2.9 
2.4 
4.1 
18.7 
21.7 
30.3 
15.5 
11.2 
13.6 
Rh'er 
c» 
en 
'" 
TABLE 23 (Continued) 
Cedar Harrison 
Measure Crop Twp. 
Twp. 
Lee, Kossuth 
County County 
Corn 8.1 7.5 Mean Oats 5.6 5.7 
square Soybeans 16.8 16.1 deviation wheat 
Flax 9.4 
Rnnt Corn 2.8 2.7 
mean Oals 2.4 2.4 
souare Soybeans 4.0 4.0 
deviation Wheat 
Flax 3.1 
Corn 19.0 17.8 Coefficlen t Oats 22.2 21.6 
of Soybeans 30.6 30.0 
variation 'Wheat 
Flax 27.7 
Mean Corn 15.0 15.4 
cost Oats 10.7 11.1 
per Soybeans 13.0 13.1 
acre 'Wheat 
Flax 11.1 
Soil type GR CW 
Saratoga Grand 
Twp. Meadow Twp. 
Howard Clayton 
County County 
7.0 7.6 
5.8 6.2 
15.8 16.1 
9.3 
2.7 2.8 
2.4 2.5 
4.0 4.0 
3.0 
18.2 17.2 
22.2 22.1 
30.8 30.6 
28.2 
14.6 16.0 
10.8 11.2 
12.9 13.1 
10.8 
CC TD 
- ---
Troy 
Twp. 
Clarke 
County, 
8.0 
5.7. 
16.4 
2.8 
2.4 
4.0 
19.4 
22.2 
31.3 
14.6 
10.7 
12.9 
GHS 
Harrison 
Twp. 
Benton 
County 
7.S 
6.1 
16.6 
2.8 
2.5 
4.1 
17.S 
21.8 
30.2 
15.7 
11.3 
13.5 
Sandy 
'Vashingtoll 
Twp. 
Appanoose 
County 
7.8 
5.5 
16.5 
2.8 
2.4 
3.9 
20.0 
22.7 
31.1 
13.9 
10.3 
12.6 
Sh. Sey. Ed. 
a. 
"" ... 
TABLE 24. NET INCOME VARIABILITY FROM 5 MAJOR CROPS IN 14 SELECTED TOWNSHIPS. 
1917-48.* 
Reading Sheridan Lincoln Lincoln Jordan Logan Oakland 
Measure Crop Twp. Twp. Twp. Twp. Twp. Twp. Twp. Sioux Scott Polk Montgomery Monona Lyon Louisa 
County County County County Countv County County 
Mean Corn 388.7 738.4- 448.0 327.5 234.4 343.3 292.5 Oats 48.0 106.9 38.1 124.2 20.7 63.1 34.9 
square Soybeans 151.2 337.8 236.0 210.2 133.6 164.1 deviation Wheat 73.9 129.8 
Flax 29.1.9 274.3 
Root Gorn 19.7 27.2 21.2 18.1 15.3 18.5 17.1 
mean Oats 6.9 10.3 6.2 4.9 4.6 7.9 5.9 
square Soybeans 12.3 18.4 15.4- 14.5 11.7 12.8 
deviation Wheat 8.6 11.4-
Flax 17.1 16.6 
Coefficient Corn 103.3 71.4 67.7 81.3 90.9 105.0 77.9 Oats 143.3 90.4 125,9 257.6 3358.6 124.6 227.2 
of Soybeans 91.2 89.6 89.7 124.2 129.4- 132.4-yarlatlon Wheat 88.2 100.5 .e .. 
Flax 138.8 80.2 
Mean Corn 19.1 38.0 31.2 22.3 16.8 17.6 21.9 
net Oats 4.8 11.4- 4.9 1.9 .1 6.4- 2.6 income Soybeans 13.5 20.5 17.1 11.7 8.9 9.7 per Wheat 9.8 11.3 20.6 
acre Flax 12.3 
Soil type GPS TMG CW Marshall IMN Moody River 
_._-----
---- ---
* Soybean data cover the period 1927-48. 
C> 
en 
00 
TABLE 24 (Continued) 
Cedar Harrison Saratoga Grand Troy Harrison ~Washington 
Measure Crop 'l'wp. 'rwp. Twp. Meadow Twp. Twp. 
Twp. Twp. 
Lee Kossuth Howard Clayton Clarke Benton Appanoose 
County County County County County County County 
Mean Corn 
259.1 311.8 162.2 377.1 193.8 257.4 137.5 
Oats 47.1 37.5 39.0 78.4 66.9 79.3 42.9 
square Soybeans 145.1 115.5 49.2 116.7 216.8 89.2 88.1 deviation 
'''heat 
Flax 243.8 l41.4 
Root Corn 16.1 17.7 12.7 19.4 13.9 16.0 11.7 
mean Oats 6.9 6.1 6.2 8.9 8.9 8.9 6.6 
square Soybeans 12.0 10.8 7.0 10.8 14.7 9.4 9.4 
deviation '''heat 
Flax 15.6 11.9 
CD 
~g; 
Coefficient Corn 74.9 75.6 85.6 61.7 96.5 69.0 109.7 Oats 154.5 120.6 143.9 97.6 193.7 135.8 248.1 
of Soybeans 88.8 109.7 113.2 103.0 125.0 106.8 117.2 
variation Wheat 
Flax 85.3 148.5 
Mean Corn 21.5 23.4 14.9 31.5 14.4 23.3 10.7 
net Oats 4.4 5.1 4.3 9:1 4.2 6.6 2.6 income Soybeans 13.6 9.8 6.2 10.5 11.8 8.8 ~ 8.0 per Wheat 
acre Flax 18.3 8.0 
Soil_typ~ GH CW . CC TD GHS _Sandy Sh. Sev. Ed. 
- ------
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TABLE 25. DIFFERENCES IN NET INCOME VARIABILITY 
BETWEEN SOIL AREAS. 
Township 
Grand Meadow 
Lincoln, P. 
Harrison, B. 
Sheridan 
Cedar 
Harrison, K, 
Oakland 
Lincoln, M. 
Saratoga 
ReadIng 
Jordan 
Troy 
Logan 
Washington 
Sol1 area 
Tama-Downs 
Clarion-Webster·Nicollet 
Sandy loam 
Tama-Muscatine-Garwln 
Grundy-Haig . 
Clarion-Webster-Nicollet 
River-bottom 
Marshall 
Carrington-Clyde 
Gal va-PrImghar-Sac 
Ida-Monona-Napler 
Grundy-Halg-Shelby 
Moody 
Shelby-Seymour-Edina 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
i I ~ I 
6 2 
4 3 
10 6 
10 4 
5 4 
5 3 
10 -
Ii i I 
2 
3 
2 
5 
6 
2 
Code: VariabilIty is indicated 
of variation as listed below: 
by numbers representing the coefficients 
1 = Jess than 70% 
2= 70- 90% 
3= 90-110% 
4 = 110 -130% 
6 = 130 -150% 
6 = 150 -170% 
7=170-190% 
8 = 190 - 210% 
9 = 210 - 220% 
10 = greater than 220% 
Cedar Township with its Grundy-Haig soils might be considered an 
exception; it has least variable soybean returns, which is in line with 
its low v(l.riaQility of soybean yields. Yield variability also influences 
the returns from Oakland Township river bottom soils but in the 
direction of greater variability, 
While differences in variability between areas are important from 
the viewpoint of directing research, making policy and selecting farms 
to buy, the operator of a particular farm is more interested in the 
difference in variability between crops within his own area. An ex-
amination of table 25 indicates that corn has least relative variability 
of income in all areas followed by soybeans and oats. However, most 
farmers will want to raise a combination .of crops either to maximize 
level of income, to minimize variability or to attain some compromise 
of the two. Hence later sections take up the problem of diversification. 
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PART II. 
DIVERSIFICATION AND CROP COMBINATIONS WHICH 
MINIMIZE INCOME VARIANCE 
The second major portion of this study deals with the manner in 
which income variability can be lessened through diversification 01' 
selection of alternative crop combinations. More specifically, the 
analysis which follows attempts to set fOrth the nature of choices open 
to farmers in selecting or comparing level of income and variance of 
income. It illustrates the amount of variability which accompanies 
each level of income and predicts the amount by which income must be 
sacrificed for a given reduction in income variance through alterna-
tive combinations of crops. It also speCifies the combination of crops 
for selected townships which will minimize income variability. 
PROCEDURE AND DATA 
The logic and data of the following pages represent an innovation 
of considerations relating to enterprise and· crop selection. The em-
pirical st~tistics presented have required a large amount of compu-
tation. Accordingly, the following procedures have been followed: 
First, the pure logic of diversification and minimizing income variance 
is set out in the next section. These details are included not only to 
provide the basic principles and methods used in this area of economic 
analysis but also to provide information which can be used as a guide 
to other scientists who wish to make further studies. Second, the nu-
merical results presented are restricted to the 14-township sample 
mentioned earlier. This procedure was followed because computational 
costs precluded presentation of data for the entire sample of 50 town-
ships. Hence the purposive or judgment sample was employed to illus-
trate the nature of variability for crop combinations on "typical" as-
sociations and types of soils. 
DIVERSIFICATION AND CROP COMBINATIONS 
Data of preceding sections have shown the degree of variability at-
tached to single crops. Typically, however, crops are grown in combi-
nations; income variability may be considerably less for combinations of 
crops than for crops grown singly. The analysis which follows serves 
to indicate the variance in income associated with different combinations 
of crops. ReSUlts have also been derived to show the possible choices 
which can be made between level of income and variability. From the 
data available, it is also possible to specify the crop combinations which 
will minimize income variance and to illustrate the gains or sacrifices 
in income which attend this condition. 
FUNDAMENTAL PRINCIPLES OF DIVERSIFICATION 
Diversification is one of the precautions which farmers can use in 
adjusting to an uncertainty situation."" There are two different aspects 
of diversification. One is a problem of planning under perfect knowledge 
or certainty. The task here for an individual farmer who wishes to 
maximize profits is to equate the marginal rate of substitution between 
crop products with the price ratio of the products. The optimum degree 
of diversification or specialization is then dependent, to a large degree, 
00 For added notes on the fundamentals of diversification, see Heady, Eco-
nomics of agricultural production. Prentice-Hall. New York. 1952. ch. 17, 
and Heady. Fundamentals of diversification. Jour. Farm Econ. Vol. 34. 
1952. 
662 
on the technical relationships between input and output yield ratios for 
each product and any technical conditions of complementary or supple-
mentary rotation effects for the products when they are produced in 
combination. The other aspect of diversification is that of minimizing 
the variance of outcome or of attempting to put a floor under the level 
of income or in preventing the occurrence of undesirable outcomes. The 
farm manager, unable to predict price and yield outcomes, may wish to 
select a combination of enterprises which gives a steady year-to·year 
fiow of income. He may also attempt to combine enterprises in a manner 
to minimize the probability that income will drop below levels required 
to meet family living expenses, farm costs and principal payments; or 
he may simply attempt to minimize the probability that his business will 
become bankrupt in any specified period. Although one aspect of di-
Versification deals with minimizing variance of returns (or the proba-
bility of undesirable outcomes), the two are highly related. Minimi-
zation of income variance is a short·run production pattern which pre· 
vents bankruptcy; the farmer is able to "stay in the game" so that he 
has opportunity to maximize returns in the long run. Our interest in 
this study is in the latter aspect of diversification as a planning pro-
cedure to meet uncertainty. 
SYSTEMS OF DIVERSIFICATION 
Diversification can be accomplished by two quite different methods: 
(1) Resources can be increased. Under this system a farmer producing 
corn on 100 acres might diversify by adding another 10{} acres and pro-
duce both corn and soybeans. (2) Resources can be held constant while 
part of them are shifted to other products: If the farmer has lO{} acres 
and is producing corn, he can shift 50 acres to oats and produce both 
crops. The second system has a more widespread application since 
most farmers have limited capital because of their aversion to risk or 
because of other restrictions. Too, once the added resources have been 
taken on under the first system, the logiC and prinCiples are exactly the 
same as for the second system. Therefore, the discussion which follows 
refers mainly to diversification with given resources (acreage limited in 
this case). 
Diversification may be employed as a method of handling two aspects 
of income Variability. First, the operator may think in terms of the 
variability of income over his entire operating career. In this case, the 
number of years involved becomes a series of production periods for 
which he may wish to minimize income Variability. Second, the oper-
ator may think In terms of possible large profits or possible large losses 
in a single year. In the latter case, he may attempt to organize his 
resources to minimize the chance of a large loss in that particular year. 
While Similar, the two considerations are not identical and need not lead 
to the same course of action. A system of farming may allow low vari· 
abil.ity of income over the farmer's career, but it also may allow Infre-
quent large losses. We shall discuss both cases, but first we consider di-
versification as an attempt to minimize income variability over the en· 
tire population of years In which the farmer operates. Here, since we 
are examining purely formal considerations, we shall use variance, de-
fined as an expected value for our measure of variabUfty." 
Aside from the "sampling considerations" outlined below and con-
sidering that different income populations are represented by different 
enterprises, the first system of diversification outlined above, adding 
~rs, ot course, are not Interested directly in the variance figure 
per se since Its computational details are not directly related to the 
variability which they experience. See footnote 10, p. 630. Note that our 
symbols here all refer to unknown population quantities, e.g., r = tlA.D/ru.tTB 
with p = E(A.-A) (D-B). 
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an enterprise through additional resources, can either increase or de-
crease income variance. When two enterprises, A and B, with income 
variances UA2 and us' respectively are combined, the variance for the 
total operation, UT', becomes UT' = UA' + us" + 2pUAtln. This equation 
states that the variance for the combined olleration is equal to tlA"' the 
variance for enterprise A, plus tis', the variance for enterprise B, plus 
twice the covariance which is defined as prrArrS where p is the correlation 
coefficient for the two enterprises and UA and rrn rellresent the standard 
deviations (the square roots of the variances) for the income of each 
respective enterprise. Now if incomes from the two enterilrises have 
a zero correlati0n coefficient (p is zero) the equation becomes UTi = 
rrA' + Us". Hence the addition of enterprise B to enterprise A will always 
increase variance (for the combined operation as compared to special-
ization in A alone) regardless of the relative variance for enterprise B. 
If p, the correlation coefficient, is +1.0 the equation becomes tiT' = 
u .. • + Un" + 2u .. tln, and the variance will be increased by even more than 
in the previous case. If, however, the correlation coefficient is -1.0, 
the equation becomes UT'=U .. " + us2-2rr .. tls. The variance under the 
combined operation can now be less than for A alone; addition of en-
terprise B will reduce the total variance if the quantity 2UAUS is greater 
than un', the variance for B alone. That is to say, total variance (tiT") 
will remain unchanged if the ratio 2pu .. tls/un' is equal to 1.0, decrease if 
it is greater than 1.0 and increase if it is less than 1.0. Since this ratio 
reduces to 2prrA/uS. the quantity becomes 2u .. /rrn when p is equal to -1.0 
and total variance will be reduced as long as the standard deviation 
(the square root of the variance) for B is less than twice as great as 
the standard deviation of A. If p is equal to -.5, the term becomes 
UAUn and total variance is reduced if the standard deviation of B is less 
than the standard deviation of A. 
If rrA and rrn are equal, the total variance equation can be trans-
formed to rrT' = rrA' + rrAo + 2prrAuA or to UT' = 2rrA' + 2prr .. •• With equal 
standard deviation and a correlation coefficient of -1.0, diversification 
will reduce income variance to zero; if the correlation coefficient Is 
-.25 diversification (e.g., production of two crops in combination as 
compared to production of A alone) will increase income variance from 
u .. " to an amount equal to 1.5rr .. ', or by 50 percent. 
DIVERSIFICATION WITH LIMITED RESOURCES 
The outcome can be quite different under the second method of di-
Versification, diversion of part of the resources from one enterprise to 
another. Let us examine the case where the nature of returns to scale 
need not be considered. We have a given quantity X of resources which 
has been used for enterprise A. We now decide to use only one·half of 
this for A and to use the remainder for B. (A quantity of resources 
equal to .5X Is now used for either enterprise while rr .. • and us" are 
each based on X quantity of resources.) The equation for the total 
nfYAUB_ 
variance now becomes rrT" = .25uA2 + .25rrn2 + -2-
Total combined variance may now be decreased even if the variance 
of B, the added enterprise, is greater than the variance of A, the orl· 
ginal enterprise. When p (the correlation coefficient) is zero, the 
equation reduces to UT" = .25rrA" + .25rrs·; total variance will be decreased 
if .25t1n' is less than .75rrA·' the amount by which variance for enter· 
prise A is reduced. In other words, total variance decreases if the ratio 
.75t1A·/ .25us' is greater than 1.0. Since the ratio reduces to 3rr .. "/tls", 
total variance will decrease as long as variance for enterprise B is not 
three times greater than the variance for enterprise A. When p is +1.0 
u .. rrs 
the equation reduces to rrT' = .25rr/ + .25un· + -2- and the combined 
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variance will be increased if the sum .250"Il' + ~;O"B is greater than .75" .. :, 
the reduction in variance of A. When p is equal to -1.0 the equation 
reduces to "T' = .250",,2 + .25"B· - O"A;n and diversification leads in the 
direction of a lowered variance; diversion of one·half the resources from 
A to B will increase variance only if .25"n" is greater than the sum, 
o "AO'n· 
.750",,- + -2-
Again, the realistic situation is that of a positive correlation co-
efficient. Positive correlation coefficients prevail generally over periods 
of any length for agricultural products. This situation holds true be-
cause the major variable in agricultural income is the exogenous, busi· 
ness cycle phenomenon, and major product swings are always in the 
same direction. Even over a period of any length, crop yields are also 
positively correlated. While the forces causing variations in livestock 
yields are less closely related to weather, the writers have been unable 
to find correlation coeffiCients that are less than zero. Accordingly, 
let us examine the situation wherein the correlation coefficient between 
income for two enterprises is positive and the variances for enterprises 
A and B are equal. With a correlation coefficient of +.6, the total vari-
, .60"""" 
ance under diversification then becomes "T' = .250",," + .250',,' + --2- or 
.80',,' and income variance is less than O"A"' that realized when the entire 
quantity of resources is devoted to enterprise A. If the correlation co-
efficient is +.3, variance under diverSification is only .650"4"' If the 
correlation coefficient is +1.0, the total variance is equal to .250",,' + 
.250",," + 0.5pO'"0",, or "A"; diversification, in this case of equal variances. 
gives the same total Variance as production of either crop by itself. 
REDUCTION IN VARIANCE 
If we have knOWledge of the variance for individual crop enterprises 
we can also make quantitative statements about the redUction in income 
Variability as different combinations of crops are produced with given 
resources. Again suppose that we have a quantity of resources equal 
to X and that this amount can be divided between A and B in any 
manner we select. If O'A" and "B' refer to the income variance of the two 
enterprises respectively when X quantity of resources is used for either, 
and if the proportion of the total resources used for A is denoted as q, 
the total variance then can be denoted as below: 
O'~" =q'O'A" + (1-q)2"n" + 2pq(1-q) "AO"n I 
Total variance is now a function of q, the proportion of resources al-
located to either enterprise. 'iVe can compute the change in total vari· 
ance as q, the proportion of resources devoted to enterprise A, takes on 
different magnitudes. This change in total variance, dITT", can now be 
dil 
expressed as a derivative: 
d"T' " dq - 2qO"A'-2(1-q)O"B- + 2p(1-2q)O"AO"n II 
'iVe shall make use of this equation in a later section where we 
measure the reduction in variance associated with shifting different 
quantities of land between crops. 
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MINIMIZING THE PROBABILITY OF BANKRUPTCY 
'Ve now turn to diversification as a "safeguard" for a· single year or 
two. The analysis above supposed that the operator was interested in 
minimizing the variance of income over some period, perhaps his oper-
ating career. Since unfavorable outcomes in a single year may banlt-
rupt the operator with little capital or a low equity. he may diversify 
in order to increase the chance that high income. as well as low income 
may be realized. 
CROP PATTERNS WHICH MINIMIZE VARIANCE 
From equation II, above, it is possible to specify crop patterns which 
minimize the absolute variability of income. This is accomplished by 
setting equation II equal to zero and solving for.q. Thus, a crop pattern 
is indicated which results in no change in total variability as an in-
finitesimally small amount of land is shifted between a pair of products. 
By setting equation II equal to zero, it is possible to derive equation III 
which specifies q, the proportion of land which should be allocated to 
crop A if income variance is to be minimized. (The proportion l-q, 
the amount to be allocated to crop B, is determined simultaneously.) 
un' - pU AUn 
q = U A" + us' - 2pu AUn III 
This equation will be used in later sections in specifying crop combi-
nations which result in minimum variance for different soil types. By 
computing minimum variance, we can compare the level of income which 
accompanies this cropping pattern and therefore suggest whether the 
pattern of diversification or land use is desirable in terms of the sacri-
fice in returns which it necessitates. 
RELATIVE VARIABILITY 
While variance serves satisfactorily for many purposes as a measure 
of absolute income variability, the concept of relative variability likely 
is more useful in decision-making; some enterprise or crop combinations 
may give a low absolute variability, but income variation may be great 
relative to the level of income itself. For example, a crop such as oats 
may have a low variance of income but, since the level of income from 
oats is low, the absolute variability may be great relative to the size 
of the income itself. Therefore, to measure relative variability under 
diversification we can again employ a coefficient of Variation which is 
defined below. 
One step in computing a coefficient of relative variability is that of 
computing the standard deviation of income. Since the value of q, 
which minimizes variance, is identical with that which minimizes the 
standard deviation, the details will not be outlined; the standard de-
viation of Income under diversification is simply the square root of 
equation I. From this we can express the coefficient of variation in 
appropriate terms and examine the relative variability of income under 
different allocative patterns. For example. one combination of resources 
may give a low absolute variance but variability may be high relative 
to the level of income. Equation IV below defines the coefficient of 
variation, CV. in the conventional manner wherein the standard de-
viation is divided by the "mean" income. Here II. and In refer to in-
come from enterprises A and B, respectively, while IT is the total farm 
income and UT is the standard deviation of farm income. 
(IT yq·u ... " + (l-q)"un" + 2pq (l-q) UAUS 
IT := qIA + (l-q)In IV 
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If we now use the square of the coefficient of variation as our measure 
of relative variability, we obtain equation V which can be manipulated 
with greater facility. 
(CV)S- q""A" + (1--q)uB" +2pq(I--q)u .. II'B 
- (qI .. + (l--q)lB)S V 
From this equation it is possible to derive VI below which specifies 
the marginal (CV)" and therefore indicates the change in level of rela-
tive variability for each change in q, the proportion of resources 
d(CV)" 
dq (qIA + (1--q)IB) (2qu .. ·- 2 (l--q)UB" + 2p (1-2q)UAII'B) 
VI 
allocated to enterprise A. This equation can be simplified and the right 
side equated to zero in order to specify, the value of q which minimizes 
the square of the coefficient of variation and which also will minimize 
the magnitude of the coefficient of variation (the relative variability 
of income) as is illustrated in equation VII. 
MAGNITUDE OF CORRELATION COEFFICIENT TO LESSEN 
VARIANCE 
VII 
From previous equations we can specify, for certain conditions, the 
value of the correlation coefficient Which will allow diversification to 
lower income variance. From equation I, the value of p, the correlation 
coefficient, can be stated in the manner of VIII. 
UT" qUA (1--q) UB 
p= 2q(l--q)u .... B - 2 (1--q)uB - 2qu .. VIII 
For different values of variance for either product we can now state 
the magnitude of the correlation coefficient necessary before di-
Versification will lessen Variability for the farm as a whole. Let us 
suppose that the variances are equal for the two enterprises and there-
fore that ..... is equal to UB"' Equation VIII then reduces to IX which 
can In tUrn be expressed in the manner of X. From the last, it is 
evident that total variance, "T', will be reduced only if the right-
II'T" q l--q 
p= 2q(l-q) .... • - 2'(I--q) --2q IX 
::: = [p + 2(1~) + 1;:] [2q (l--q)] X 
hand side of the equation is less than 1.0 (i.e., the ratio UT"/U,," is less 
than 1.0); in other words the condition of equation XI must hold 
true. From equation XI, it is possible to derive XII indicating that, 
given equal variances for the two enterprises, variability will be re-
duced for any correlation coefficient less than 1.0. 
2 .. q (l--q) + 1-2q(l--q) < 1.0 XI 
2q(1--q) 
p < 2q (l--q) o~ 1.0 XII 
Under the first system of diversification, doubling of resources and 
addition of a second enterprise, the value of p can be specified in the 
manner of XIII. If the variances for the two enterprises are equal, 
the equation in turn gives rise to equations XIV and XV and flnally 
XVI and XVII stating that income variance for the total farm busi-
ness will be reduced only if the correlation coefficient is less than 
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-.6. The value of p necessary to lower income variance can also be 
specified from equations VIII and XIII. 
(TT2 - tT A2 -- (fn'2 
p = 20'A,0'8 
O'T" 
p= 20',,' -1 
O'T* 
.=2(p+l) 
(f .. 
2(p + 1) <1.0 
p<-.5 
XIII 
XIV 
XV 
XVI 
Knowledge of variances and correlation coefficients also allows us 
to make statements about the effectiveness of numbers of enterprises 
in reducing income variance. . While predictions can be made for vari-
ances and correlation coefficients of any magnitude, let us examine 
the possibilities of combining enterprises with equal variances where 
each pair has a correlation coefficient of .6. If 0',," is the variance for 
one enterprise produced alone, then variance for two enterprises pro-
duced in combination will be .80'A," while (on the basis of calculations 
from a formula such as I above expanded to include covariance terms 
for each pair) it will be .720',,2 for three enterprises and .700',," for four 
enterprises. In other words, added enterprises reduce farm income 
variance by smaller and smaller amounts as equations XVII, XVIII 
and XIX show. 
(2 crops 0',,"= 0'8'); O'T2 = (.5)'0',,' + (.5)"0'8" + (2) (.6) (.5) (.5) 0',,0'8 = 
.80',," XVII 
(3 crops O',,'=O'rl=O'o'); O'T'= (.33)"0',,"+ (.33)"O'n'+ (.33)'0'0"+ (2) 
(.6) (.33) (.33)0'A,0'8 + (2) (,6) (.33) (.33)0'80'0 = .720',,' XVIII 
(4 crops 0'A,2 = 0'8' = 0'0' = 0'0');' O'T' = .25'0'.." + .25'O'n· + .25'0'0" + .25"O'D" 
+ (2) (,6) (.25) (,25)0'A,O'n + (2) (.6) (.25) (.25)0'A,0'0 
+ (2) (.6) (.25) (.25)0'A,0'0 + (2) (.6) (.25) (.25)O'nO'o 
+ (2) (.6) (.25) (.25)O'nO'o + (2) (.6) (.25) (.25)0'00'0 = .700' .... XIX 
ANALYSIS OF VARIANCE AND INCOME FOR DIVERSIFIED 
CROPPING PATTERNS 
The data presented previously and the logic of models outlined 
above can now be used to calculate the income variance for all possible 
combinations of any two crops with the land area given. Our estimates 
are in terms of 60 acres for each soil or location. Although an acreage 
of any magnitude could be used as a basis of deriving variance figures 
for diversified cropping patterns, we use this figure because it is easily 
reduced to fractions or multiples which apply to any farm. In addition 
to the variability statistics presented in an earlier section, serial cor-
relation coefficients are needed for using the equations outlined above. 
The observed serial correlations for our data are presented in table 26 
which fonows and like those of the following tables, refer to net income 
excluding labor as a cash cost. 
These observed serial correlation coefficients (table 26) are of In-
terest in themselves. While major economic fiuctuatlons and drouths 
tend to cause incomes of individual crops to move in the same direction, 
the serial correlation coefficients are surprisingly low for particular crop 
combinations and for particular locations. Correlation coefficients tend 
to be highest in all locations for corn paired with oats and other small 
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TABLE 26. CORRELATION COEFFICIENTS FOR XET INCO:\IE 
BETWEEN PAIRS OF CROPS. • 
Crop 
combination 
TOW::,\SHIPS" 
I ~' ~ p.. 0:1 § 
'I~ ~ ~ '" ~ ~ ~ ~ ~ ~ ~ 'g ~ E ~ ~ ] l,a ~ ~ ~ .S .~ "g 'E ~ ~ 
E-i ~&3~uj~ ~...4EZ~~C~ 
Corn·oats .651.811.651.831.771.871.881.74 I.S51.70 1.911.77 1.~11.70 
Corn-soybean~ .911.721.541.88 (:89 1.84 I 1.731.851.861.801.871.881.80 
Corn·wheat I I I I I 1.661.75 I I I I I I 
Corn-tlax I 1.751.73 I 1.78 I I I I 1.59 I I I 
Corn·ha\· .21 1.51 1.20 1.33 Ul9 f.59 1.45 1.28 1.27 1.53 1.68 1.30 1.40 1.15 
-;.0;;1:-;' t,::R--:-,,=·o;:-~.,c·I:-:)ec:a:.on:.c~'--___ I_:'c' 8;,c3'-','-1. 7~4~1.~6::..9..!:1.~S:.'.7--,1.::. 7:.'.9~1. 'O:S9~1_ 1.52 1.78 1.89 1.79 I. 9"2 ~ ,:8 IT f4" 
Oats-wheat I I I I I 1.6-S 1.62 I I I I I I 
Oats·tlax I 1.821.63 I 1.80 I I I I 1.72 I I I 
Oats·ha,' .171.561.371.491.351.621.591.38 \.26 1.51 i.70 1.49 1.53 1.19 
SO) beam, "heat I I I 1.73 I I I 
SoYbeac.:n.::.~~.tI:.:a:.:x=---___ I 1.47 :.73 I 1.741 I I I 1.721 I I 
,;:S;';0tY.:;:.b-:-ea;.::'l:;;l":::..· .:,:h.:,:a"-Y ____ 1 .251.321.431.41'1:411.70 I 1.421.61' 661.671.571.451.32 
\Vheat·tlax I I I I I I I I I I I I 'I I 
Wheat·hay I I I I I 1:36 1.28 I I I I I I 
Flax·hay --1- '.33 1.37 1.36 1.36 I I I I 1.18 I I I 
• \Ve have already pointed out in the section, ";\Iethodological Problems in 
Measurement," that observed serial correlations such as we present here 
may be poor estimators of true serial correlations. In this section, how-
ever. we use these correlation" to illustrate the application of the various 
results just derived for combinations of enterprises . 
• * Data are for the full 32 years except for the pairs including soybeans. 
These generally include only the most recent 22 years. -
grains; they tend to be relatively high between hay and grains. They 
generally are lowest for hay and flax paired with grain crops. Simi-
larly, the coefficients are lowest for most crops in those townships 
located in southern Iowa and other locations with variable weather 
and reoccurring pests such as grasshoppers. 
Although these observed correlation coefficients do not alone specify 
optimum diversification pairs (variances must also be known for in-
di vidual crops), they do suggest some optimum pairs. Since all 
of the coefficients are pOSitiVe, it is apparent immediately that from 
the criterion of minimizing income variance alone, wheat and hay make 
a better pair for diversification in Jordan Township, Monona County 
than do corn and oats; wheat and flax represent a better diversification 
pail' than corn and flax in Harrison Township, Kossuth County. 
Similarly, diversification through use of almost any pail' indicated will 
reduce income variance to a greater extent in Troy Township, Clarke 
County than in Harrison Township, Kossuth County. Since correlation 
coefficients are lower at the former location, diversification is a more 
effective means of reducing variability than at the latter location. 
Similar comparisons can be made between other soils and locations. 
VARIABILITY U;;-';DER DIVERSIFICATIO::-< 
We now combine the· data from table 26 with the variability mea-
sltres from a previous section to estimate income variability under 
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various patterns of diversification.'" Variance, stannard deviation and 
coefficient of variation figures are presented along with income data 
in tables 27-40 inclusive. The value of q indicates the proportion of 
60 acres devoted to the first-mentioned crop of each pair; a q value of 
.6 for corn-oats refers to 36 acres in corn and 14 acres in oats. 
These data indicate (tables 27-4Q) that absolute variability declines 
throughout as land is shifted from corn to oats for all soil types and 
locations studied. In Troy Township, the crop pairs corn-hay, soybeans-
hay, oats-hay and corn-soybeans-hay never allow minimum variance 
with resources devoted to one of the crops alone. Only a small amount 
of soybeans is required in combination with corn to minimize income 
variability; hay and soybeans are mainly the "stability crops" at this 
location. In Grand MeadOW Township, minimum variance for the crop 
pairs hay-soybeans, soybeans-oats and hay-oats comes with some com-
bination of the two; corn always increases variance as compared to 
soybeans, oats and hay_ 
Diversification reduces variance in Harrison Township, Kossuth 
County for the crop pairs corn-flax, hay-oats, hay-soybeans, hay-fiax and 
flax-soybeans; only a small acreage of hay is requir,ed to minimize vari-
ance in the hay-soybean pair, and a greater acreage of beans adds only 
slightly to income but adds a large amount to variance_ As in the case 
of all other townships, corn grown alone has a much greater variance 
than most other crops but also has a much higher level of income as an 
average over the period of years. Only the pairs soybeans-hay and hay-
oats result in a smaller variance when grown alone in Cedar Township. 
In contrast to the Kossuth County soils and location, addition of soy-
beans at the expense of hay (beyond the point of minimum income 
variance) augments income relatively more for each addition to variance. 
Four crop pairs in Logan Township give a lower variance under some 
pattern of diversification than for single crops. Only flax added to corn 
minimizes variance with some acreage devoted to both crops; absolute 
variance is less for any other crop pair when single crops are selected 
over corn. Hay-wheat, corn-wheat and corn-hay are pairs which cause 
income variance to be less under some pattern of diversification than 
under specialties alone in Jordan Township. In contrast, all crop pairs 
except corn-oats have a lower variance under some combination than 
under specialization on Marshall soils of Lincoln Township, Montgomery 
County; lower rainfall, more frequent attael,s from grasshoppers and 
other pests cause this to be true. 
Two out of five crops have minimum variance under diVersification 
on Clarion-Webster soils in Polk County. Weather is less variable from 
short growing seasons here as compared to the same soils in Kossuth 
County. In Sheridan Township of Scott County, the more stable rain-
fall causes all crops except hay to give a lower variance if they are 
grown alone rather than in combination with corn. Greater variability 
in climate for Sioux County causes diVersification to be more important 
in lessening variance for crop pairs in Reading Township. It is in-
teresting to note that a large gain in stability (reduction in variance) 
can be attained in company with a small gain in income by shifting 
completely from flax to soybeans. At the Benton County location, a 
cropping pattern including 20 percent beans and 80 percent hay gives 
a lower variance than if either crop is grown alone; for soybeans-oats, 
(text cont. on p. 689) 
"" Note that the mathematical results just obtained for a combination of 
enterprises are based on knowledge of certain parameters, variances and 
serial correlations. Here we use our ob!<erved measures to illustrate the em-
pirical consequences of various enterprise combinations. Since our mathe-
matical results are in terms of the parameters, we refer from here on to 
our observed measures by the same names although the reader should be 
aware of the methodological problems in this transition. 
TABLE 27. LEVEL OF INCOl\IE, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
SHELBY-GRUNDY-HAIG SOILS, TROY TOWNSHIP, CLARKE COUNTY,· 
Value Income I Variance I Standard I eff~~~nt Income I Variance I Standard I eff~~~nt Income I Variance I Sta~dard I eff~1~nt 
ofq devia tion variation -- deviation variation devIation variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 865 I 697 I 835 
1 
96.5 865 I 698 
1 
835 96.5 865 
I 
697 835 96.5 
.9 804 615 784 97.5 849 I 693 833 98.1 800 582 763 96.4 
.8 743 541 I 736 99.1 833 
1 
692 832 99.9 735 482 694 94.4 
.6 620 I 417 I 646 104.2 801 697 835 104.2 606 326 571 94.2 .5 559 367 606 108.4 786 704 839 106.7 541 I 271 521 96.3 
I I I I I .4 498 326 I 571 114.7 770 714 I 845 109.7 476 
1 
231 481 101.1 
.3 437 I 292 I 541 123.8 754 I 726 I 852 113.0 411 207 455 110.7 .2 375 267 I 517 I 137.9 738 741 I 861 116.7 347 197 I 444 I 128.0 .1 314 I 250 500 159.2 722 759 I 871 120.6 282 203 450 159.6 0.0 253 I 241 I 491 194.1 706 I 780 I 883 125.1 217 221 473 218.0 ~ 
Outs·soybeans Oats-hay Soybeans-bay 
1.0 253 I 241 I 491 
1 
194.1 253 I 241 I 491 I 194.1 706 I 780 I 883 I 125.1 .9 298 268 518 173.8 249 I 204 I 452 181.5 657 653 I 808 123.0 
.8 344 I 301 I 549 159.6 246 I 176 I 419 I 170.3 608 546 736 
1 
121.1 
.7 389 I 340 583 149.9 242 I 155 I 393 I 162.4 559 446 668 119.5 .6 
434
1 
385 621 143.1 239 I 141 
1 
376 157.3 510 366 605 118.6 
.5 80 436 661 137.7 235 136 369 157.0 462 303 550 119.0 
.4 525 493 702 133.7 231 I 138 371 160.6 413 
1 
255 505 
1 
122.3 
.3 570 556 746 130.9 228 I 148 384 168.4 364 223 
I 
473 129.9 
.2 615 I 625 791 128.6 224 I 165 I 407 181.7 315 207 455 144.4 .1 661 700 837 126.6 221 I 190 437 197.7 266 207 456 171.4 0.0 706 I 780 883 125.1 217 I 223 473 218.0 217 223 473 218.0 
* Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of. each pair. 
TABLE 28. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
TAM A-DOWNS SOILS. GRAND MEADOW TOWNSHIP, CLAYTON COUNTY.· 
----- - --- - --- --- -- -
Value Income I Variance I Sta~d~rd I eff~1~nt Income I Variance I ~ta~d~rd I eff~1~nt Income I Variance I ~ta!,-~rd I eff~1~nt ofq deVIatIOn variation . evmtIOn variation evm Ion variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 1888 
I 
1360 
I 
1166 
1 
61.8 1888 
1 
1360 1166 61.8 1888 I 1360 1166 61.8 
.9 1754 1190 1091 62.2 1762 1200 1095 62.1 1771 
1 
1170 1082 61.1 
.8 16H) 1040 1020 63.0 1636 1060 1030 63.0 1654 1010 1005 60.8 
.7 1485 901 949 63.9 1510 933 966 64.0 1537 862 928 60.4 
.6 1350 I 775 880 65.2 1384 819 905 65.4 1420 737 858 60.4 
66'1 I 
.5 
1216
1 
813 66.9 1258 718 847 67.3 1304 I 632 795 61.0 
.4 1082 560 74~ 69.1 1133 631 794 70.1 1187 
1 
548 740 62.3 
.3 947 471 686 72.4 1007 558 747 74.2 1070 484 696 65.0 
.2 813 396 629 77.4 881 498 706 80.1 953 440 663 69.6 
.1 678 I 333 577 85.1 755 452 672 89.0 836 417 646 77.3 0.0 544 282 531 97.6 629 420 648 103.0 719 414 643 89.4 
~ 
;;:! 
Oats-soYbeans Oats-hay Soybeans-hay 
1.0 544 282 I 531 
1 
97.6 544 
\ 
282 531 97.6 629 420 
I 
648 
1 
103.0 
.9 552 279 528 95.7 562 267 517 92.0 638 369 607 95.1 
.8 561 279 528 94.1 579 258 508 87.7 647 328 573 88.6 
.7 570 283 532 93.3 596 256 506 84.9 656 299 547 83.4 
.6 578 292 540 93.4 614 260 510 83.1 665 282 631 79.8 
.5 586 303 560 93.9 632 270 620 82.3 674 275 624 77.7 
.4 595 I 319 565 95.0 649 286 535 82.4 683 280 629 77.5 .3 604 339 582 96.4 666 308 I 
655 83.3 692 297 545 78.8 
.2 &12 362 602 98.4 684 I 337 681 84.9 701 I 324 569 81.2 .1 620 \ 389 I 624 100.6 702 372 610 86.9 710 363 602 84.8 0.0 629 420 648 I 103.0 719 I 414 643 89.4 719 414 I 643 89.4 
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
TABJ.E 29. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VAlUATION. 
CARRINGTON-CLYDE SOILS, SARATOGA TOWNSHIP, HOWARD COUNTY .• 
--- ~-
Value Income I Variance I Standard I efffci~nt Income I Variance I Stand~rd I eff~i~nt Income I Variance I Sta~d~rd I efffci~nt 
of q deviation variation deviatIon variation devIatIOn variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 892 I 583 I 764 I 85.6 892 584 764 I 
85.6 892 I 584 I 764 85.G .9 829 507 713 86.0 840 506 711 84.6 863 490 700 81.1 
.8 766 439 I 663 86.6 788 437 661 83.9 834 I 410 I 641 76.9 .7 702 
I 
377 614 I 87.5 736 375 613 83.3 806 344 587 72.8 .6 639 322 568 88.1 684 322 568 83.0 777 292 541 69.6 
I I I I .5 576 274 I 
524 I 91.0 632 278 527 I 83.4 748 254 504 67.4 .4 513 233 483 94.2 579 I 241 I 491 84.8 719 230 479 I 66.6 .3 450 I 200 447 99.3 527 I 212 I 461 I 87.5 690 I 219 468 67.8 .2 386 173 416 I 107.8 475 192 439 I 92.4 662 I 222 472 71.3 .1 323 I 153 I 391 121.1 423 I 180 I 425 I 100.5 633 I 239 489 I 77.3 0.0 260 140 I 375 144.2 371 I 177 420 I 113.2 604 I 270 I 520 I 86.1 
Corn-flax Oats-s~ybeans Oats·hay 
1.0 892 I 584 I 764 
I 
85.6 260 I 140 I 375 I 144.2 260 I HO I 375 I 144.2 .9 851 I 556 I 743 87.3 271 , 135 I 367 135.4 294 I 129 I 360 122.4 .8 810 I 625 I 724 89.3 282 I 132 363 128.7 329 I 124 I 352 I 107.0 .7 768 
\ 
504 710 92.4 293 I 130 I 361 I 123.2 363 123 351 97.7 .6 727 488 
I 
699 96.2 304 131 I 362 119.1 398 , 128 I 358 , 90.0 I I I I I I I .5 686 478 691 , 100.7 316 134 365 I 115.5 432 138 372 I 86.1 .4 645 I 472 688 I 106.7 327 138 372 113.8 466 I 154 I 393 I 84.3 .3 604 I 474 I 688 I 113.9 338 I 145 I 381 112.7 501 , 175 I 419 I 83.6 .2 562 I 480 I 693 123.3 349 I 153 I 392 I 112.3 535 I 202 I 449 I 83.9 .1 521 492 I 701 134.6 360 I 164 I 405 I 112.5 570 I 233 I 483 I 84.7 0.0 480 I 509 714 I 148.7 371 
-
177 420 113.2 604 I 270 520 86.8 
* Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
'" .... 
t-:I 
TABLE 29. (Continued) 
Value Income Variance Standard efficient Income Variance Sta~d~rd efficient Income Variance Sta~d~rll efficient I I I Co- I \ I Co- I I· I Co-of q deviation variation deviatIOn variation devIatIOn variation 
Oats-flax Soybeans-hay Soybeans-flax 
1.0 260 I 140 I 375 I 144.2 371 I 177 I 420 I 113.2 371 I 177 I 420 I 113.2 
.9 282 I 158 I 398 141.1 394 163 403 102.3 382 173 I 417 1109.2 
.8 304 I 180 I 425 1139.8 418 I 154 I 393 I 94.0 393 I 173 422 107.4 
.7 326 1 207 I 455 139.6 441 I 150 388 I 88.0 404 I 194 I 438 108.4 
.6 348 I 237 487 139.9 464 I 152 I 390 84.0 415 213 I 461 111.1 
I I I I I I I I 
.5 370 I 272 522 141.1 488 I 159 I 399 I 81.8 426 I 242 I 492 I 115.5 
.4 392 I 311 558 1142.4 511 I 171 I 413 I 80.8 436 I 279 I 528 I 121.1 
.3 414 354 I 595 143.7 534 I 188 434 I 81.3 447 324 I 570 127.5 
.2 4:W I 402 634 145.4 557 I 210 I 459 1 82.4 4:;8 I 378 I 615 1 134.2 
.1 . 458 I 453 673 146.9 581 I 238 I 488 I 84.0 469 I 440 663 I 141.4 
0.0 480 I 509 I 714 14.8.8 604 I 270 520 I 86.1 480 I 509 I 714 I 148.8 
Hay·flax 
1.0 604 I 270 I 520 I 86.1 
.9 592 246 496 83.8 
.8 579 232 482 83.3 
.7 567 229 I 479 84.5 
.6 554 I 237 487 I 87.9 
I I 
.5 542 256 I 506 I 93.4 
.4 530 I 285 I 534 1100.8 
.3 517 I 325 (;70 110.2 
.2 50" I 375 I 613 121.4 
.1 492 I 436 I 661 134.3 
0.0 480 -' 509. J_ 714 148.7 
CT.I 
...,. 
~ 
TABLE 30. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
CLARION-WEBSTER-NICOLLET SOILS, HARRISON TOWNSHIP, KOSSUTH COUNTY .• 
----
Value Incomc I Variance I Sta~d~rd I ef'f~~~nt Income I Variance I Sta~d~rd I eff~~~nt Income I Variance I Stand~rd I eff~~~nt 
of q devla tlOn variation deVlatlOn variation deviation variation 
Corn-oats Corn-soybeans Corn-hay 
-
1.0 1401 1120 
I 
1068 
I 
75.6 1401 
I 
1120 
I 
1058 
I 
75.5 1401 1120 1058 75.5 
.9 1291 969 984 76.2 1320 1020 1010 76.5 1315 938 969 73.7 
.8 1182 827 909 76.9 1238 928 963 77.8 1229 774 880 71.6 
.7 1072 698 835 77.9 1167 840 917 79.3 1143 630 794 69.5 
.6 963 581 762 79.1 1076 760 872 81.0 1057 507 712 67.4 
I I I I I 
.5 853 476 690 80.9 994 I 686 I 828 I 93.3 972 403 635 I 65.3 .4 743 383 619 83.3 913 618 786 
I 
86.1 886 320 666 
I 
63.9 
.3 . 634 303 560 86.8 832 I 558 747 89.8 800 257 607 63.4 
.2 524 235 485 92.6 751 I 504. I 710 94.5 714 214 463 64.8 .1 415 179 423 101.9 669 I 456 675 100.9 628 191 437 '69.6 0.0 305 135 367 120.3 588 416 645 109.7 542 189 436 I 80.3 
~ 
~ 
Corn-flax Oats-soybeans Oats-hay 
1.0 1401 1120 
I 
1058 
I 
75.5 305 I 135 
I 
367 
I 
120.3 
305 I 135 I 367 I 120.3 .9 1371 1050 1025 74.8 333 I 151 389 116.8 329 125 ! 354 107.6 .8 1340 986 993 74.1 362 I 169 411 113.5 352 119 345 I 98.0 .7 1310 935 967 73.8 390 190 436 111.8 376 116 341 90.7 .6 1280 894 946 73.9 418 214 463 110.8 400 117 I 342 85.6 
I I I I I I I .5 1250 864 930 74.4 446 241 491 I 110.1 424 120 I 346 I 81.6 .4 1219 845 919 75.4 475 270 I 
620 109.5 447 127 356 79.6 
.3 1189 837 915 77.0 503 I 302 550 109.3 471 138 I 371 78.8 
.2 1159 839 916 79.0 531 I 337 581 109.4 495 152 I 390 78.8 .1 1128 853 924 81.9 560 375 612 109.3 518 169 411 I 79.3 
0.0 1098 878 937 85.3 588 I 416 645 I 109.7 542 189 I 435 I 80.3 
-
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the flrst mentioned crop of each pair. 
TABLE 30. (Continued) 
Value Income I Variance I Standard I eff~~~nt 
ofq deviation variation 
Oats·flax 
1.0 305 135 
1 
367 ! 120.3 .9 384 167 396 103.1 .8 464 191 437 94.2 
.7 543 237 487 I 89.7 .6 622 294 542 87.1 
I I 
.5 702 362 I 602 86.8 .4 781 442 665 85.1 
.3 860 534 
I 
731 85.0 
.2 939 637 798 86.0 
• 1 1019 I 751 867 85.1 0.0 1098 878 937 85.3 
Hay·flax 
1.0 542 189 
1 
436 r 80.3' 
.9 598 189 436 I 72.7 .8 663 206 463 69.4 
.7 709 235 486 68.4 
.6 764 281 530 69.4 
.6 820 343 686 71.5 
.4 876 419 647 73.9 
.3 931 511 716 76.8 
.2 987 618 786 79.6 
.1 1042 740 860 82.5 
0.0 1098 878 937 85.3 
-
Income I Variance I Sta~dard I eff~~~nt devIation variation 
Soybeans·hay 
588 416 645 109.7 
583 359 599 102.7 
579 310 557 96.2 
574 269 519 90.4 
670 235 485 85.1 
566 208 456 80.7 
560 189 435 77.7 
556 178 422 75.9 
551 174 417 75.7 
647 178 422 77.1 
542 I 189 435 I 80.3 
Income I Variance I Sta!ld~rdl eff~~~nt devIatIon variation 
Soybeans-flax 
588
1 
416 
I· 
645 I 109.7 639 425 652 I 102.0 690 443 666 96.6 
741 469 685 I 92.4 792 503 709 89.6 
I I I 
843 545 738 I 87.5 894 595 771 86.2 945 654 809 
I 
85.6 
996 720 849 85.2 
1047 795 892 85.2 . 
1098 878 937 85.3 
C> 
-'I 
01 
TABLE 31. LEVEL OF INCO:\TE, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
GRUNDY-HAIG SOILS, CEDAR TOWNSHIP, LEE COUNTY.* . 
Value Income I Variance I Sta!ld~rd I eff~~~nt I . I I Co- Income I Variance I Sta!ld~rd I eff~~~nt Income Variance Sta!ld::-rd efficient of q deVUttlon variation devIatIOn variation devIa tlOn variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 1288 I 933 I 966 I 75.0 1288 I 933 I 966 I 75.0 1288 I 933 I 966 I 75.0 .9 1186 813 I 902 I 76.1 1240 I 872 I 934 I 75.3 1208 I 789 I 888 I 73.5 .S 1084 I 702 838 I 77.3 1193 I 816 I 903 I 75.7 1129 I 662 I 814 I 72.1 
.7 982 I 602 I 776 I 79.0 1146 I 765 I 875 I 76.4 1()49 I 550 i 742 I 70.7 .6 880 I 511 I 715 I 81.2 1098 I 717 I 847 I 17.1 970 I 4G5 675 I 69.6 
I 1 I 1 I 1 I I I 
.5 778 I 429 I 655 1 84.2 1050 I 674 I 821 I 78.2 890 I :175 I 612 I 68.8 .4 675 358 598 I 88.6 1003 I 635 I 7n I 79.5 810 1 312 I 559 69.0 .3 573 I 296 I 544 I 95.9 9G6 I 600 I 775 81.1 731 I 26ii I 515 I 70.5 
.2 471 
I 
244 I 494 I 104.9 908 1 570 I 755 I 83.1 651 I 23J 1 484 I 74.3 .1 369 202 1 449 1 121.7 860 I 544 I 738 85.8 572 I 219 I 468 81.8 0.0 267 170 I 412 I 154.3 813 I 522 I 722 I 88.8 492 1 220 I 469 95.3 
Oats-soybeans Oats-hay Soybeans-hay 
1.0 267 I 170 I 412 I 104.3 267 I 170 I 412 I 154.3 813 1 522 I" 722 I 88.S .9 322 180 I 430 I 133.5 390 I 152 I 390 I 134.5 781 I 450 I 671 I 85.9 .8 376 I 205 I 453 I 120.5 312 139 I 373 119.6 749 I 387 I 622 83.0 .7 431 I 229 I 479 I 111.1 334 131 I 362 I 108.4 717 1 334 1 578 I 80.6 I; 485 I 258 I 508 I 104.7 357 I 129 I 359 100.6 685 I 289 I 538 I 78.5 
I I I I 1 1 I 1 1 
.5 540 I 2111 I 539 I 99.8 380 I 131 I 362 I 95.3 652 I 254 I 504 I 77.3 .4 595 329 1 574 1 96.5 402 I 139 I 373 1 92.8 620 I 229 479 77.3 .3 649 I 371 I 609 I 93.8 424 I 151 389 1 91.7 588 I 213 1 462 I 78.6 
.2 704 I 417 I 646 I 91.8 447 
I 
169 I 411 I 91.9 55(; I 206 I 454 I 81.7 
.1 758 1 467 I 683 1 90.1 470 192 I 438 I 93.2 524 1 208 I 456 I 87.0 0.0 813 I 522 I 722 I 88.8 492 220 I 469 95.3 492 I 220 I 469 I 95.3 
-
• Variance in thousands. The value of II refen; to the proportion of 60 acres devoted to the first mentioned crop of each l)air. 
C) 
-I 
C) 
TABLE 32. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEl!'FICIENT OF VARIATION. 
MOODY SOILS, LOGAN TOWNSHIP, LY,ON COUNTY.· 
------- - - -- ---- -- ---
--
Value Income I Variance I Sta!ldard I efffb1~nt Income I Variance I Standard I efffb1~nt Income Ivariance I Standard I efffb~~nt 
ofq . devIa tion variation deviation variation deviation variation 
Corn-oats Corn·soybeans Corn·hay 
1.0 1059 1240 1114 I 105.2 1059 I 1240 I 1114 I 
105.2 1059 I 1240 I. 1114 I 105.2 .9 991 1090 1044 105.3 1007 I 1120 1058 105.1 1019 1080 1039 102.0 
.8 824 948 974 105.4 954 I 1020 1010 105.9 979 I 938 I 969 I 99.0 
.7 856 820 906 I 105.8 902 I 922 I 960 106.4 939 I 813 I 902 I 96.1 .6 788 703 838 106.3 850 , 835 I 914 I 107.5 899 704 I 839 I 93.3 
I I I I I I 
.5 720 597 773 107.4 798 I 755 I 869 I 
108.9 8S9 I 611 I 782 I 91.0 .4 653 502 709 108.6 74S 
I 
684 827 111.0 819 535 
I 
731 I 89.3 .3 585 417 646 110.4 693 620 I 787 113.6 779 I 474 688 88.3 
.2 517 343 586 113.3 641 566 I 572 117.3 739 I 429 655 I 88.6 .1 450 280 529 117.6 S88 519 I 720 I 122.4 699 I 301 633 90.6 0.0 382 227 476 124.6 536 481 694 129.5 659 I 388 623 I 94.5 
Corn-flax Oats·soybeans Oats-hay 
1.0 1059 I 1240 
I 
1114 
I 
105.2 382 227 
I 
476 I 124.6 382 I 227 I 476 I 124.6 .9 1077 1170 1082 100.5 397 242 492 123.9 410 221 470 114.6 
.8 1095 I 1100 1049 96.8 413 259 509 I 123.2 437 I 220 I 469 I 107.3 .7 1113 1050 1025 92.1 428 278 527 123.1 465 224 j 473 101.7 .6 1131 1010 1005 88.9 444 300 548 123.4 493 233 483 I 98.0 I I I .6 1149 
I 
985 992 86.3 459 "324 569 
I 
124.0 520 I 246 I 496 95.4 .4 1167 965 982 I 84.1 474 351 592 124.9 548 265 515 94.0 .3 1185 955 977 82.4 490 380 616 125.7 576 I 288 537 I 93.2 .2 1203 956 978 81.3 505 411 641 126.9 604 I 317 I 563 I 98.2 .1 1221 967 983 I 80.5 521 445 667 128.0 631 I 350 I 592 93.8 0.0 1239 I 988 994 80.2 536 481 
-
694 I 129.5 659 I 388 623 94.6 
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
a 
.~ 
-:. 
TABLE 32. (Continued) 
Value Income I Variance I Stand~rd I efffc~~nt 
ofq deviatIOn variation 
Oats-flax 
1.0 382 
I 
227 I 476 I 124.6 .9 468 262 512 109.4 
.8 553 306 I 553 I 100.0 .7 639 359 I 599 93.7 
.6 725 421 I 649 I 89.5 
I I I 
.5 810 I 492 I 701 
I 
86.5 
.4 896 I 573 I 757 84.5 
.3 982 I 663 I 814 82.9 . 2 1068 I 762 873 81.7 
.1 1153 I 870 I 933 I 80.9 
0.0 1239 I 988 I 994 r 80.2 
.- Hay-flax 
1.0 659 I 388 I 623 I 94.6 .9 717 365 604 84.2 .8 775 360 600 77.4 
.7 833 I 373 I 1111 I 73.3 _6 891 405 636 I 71.4 
I I I 
.5 949 
I 
456 I 675 
I 
71.1 
.4 1007 525 I 725 72.0 
.3 1065 613 I 783 73.5 .2 1123 719 848 ,75.5 .1 1181 I 844 919 I 77.8 0.0 1239 ~ .. 988 I 994 80.2 
Income I Variance I Sta~d~rd I efffc~~nt devlUtlOn variation 
Soybeans-hay 
536 I 481 I 694 ~ 129.5 548 I 448 669 122.1 561 I 420 I 648 115.5 573 I 397 I 630 109.9 
585 I 380 I 616 I 106.3 
I I I 
598 I 368 I 607 I 101.5 610 361 I 601 98.5 
622 I 360 I 600 I 96.5 
634 I 364 I 603 I 95.1 
647 I 373 I 611 I 94.4 
659 I 388 I 623 I 94.6 
Income I Variance I Sta~dard I efffc~~nt 
devlUt!on variation 
Soybeans-flax 
536 I 481 I 694 
I 
129.5 
606 I 491 701 U5.7 
677 I 509 I 713 105.3 747 537 I 733 98.1 817 I 574 758 92.8 I 
. 888 
I 
620 I 787 ! 88.6 958 676 822 85.8 
1028 740 I 860 ! 83.7 1098 813 902 82.1 1169 I 896 947 r 81.0 1239 988 994 I 80.2 C> .... 00 
- TABLE 33_ LEVEL OF INCO::\lE, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION-
IDA-::\IONONA-NAPIER SOILS, JORDAN TOWNSHIP, MONONA COUNTY.-
I I I Co- Income I Variance I Sta~dard I eff~~~nt Income I Variance I Standard I eff~S~nt Value Income Variance Sta~d~rd efficient of q devmtlOn variation dcvmtlon variation olwlation variation 
Corn-oats Corn-hay Corn-wheat 
1.0 1011 I 844 
1 
919 I 90_9 1011 I 844 I 919 I 
90.9 
1011 1 
844 
I 
919 
I 
90.9 
.9 911 I 723 850 93.3 983 I 727 853 86.8 978 762 873 89_3 
.8 810 I 612 782 I 96.5 955 I 623 I 789 82.6 945 690 831 87.9 .7 710 I 611 715 100.7 927 533 I 730 78.7 912 628 792 86.8 .6 610 I 420 648 106.2 899 I 457 I 676 I 75.2 879 576 I 769 r 86.3 
I I 
f 
I I I I I 
.5 610 338 581 113.9 871 394 
I 
628 I 72.1 846 I 533 
I 
730 I 86.3 
.4 409 265 
1 
515 125.9 843 345 587 I 69.6 812 I 500 707 
1 
87.1 
.3 309 203 451 146.0 815 310 557 68.3 779 477 691 88.7 
.2 209 149 386 184.7 787 I 288 I 537 I 68.2 746 I 464 I 681 91.3 .1 108 106 326 301.9 759 281 530 I 69.8 713 461 679 95.2 0.0 8 I 720 268 3360.0 731 I 286 I 535 I 73.2 680 467 I 683 100.4 
Oats-hay 
l t 
Oats·wheat Hay-wheat 
1.0 8 
1 
72 I 268 13360.0 8 I 72 I 268 /3350.0 731 I 286 I 
535 
I 
73.2 
.9 80 77 277 346.2 75 86 293 390.7 726 I 260 510 70.2 
.8 153 85 I 292 190.8 142 105 324 228.2 721 I 244 494 68.5 .7 225 97 311 138.2 210 130 361 171.9 716 238 488 68.2 .6 297 113 336 113.1 277 161 401 I 144.8 711 241 I 491 69.1 
I I I I I I I .5 370 I 132 363 98.1 344 197 444 129.1 706 254 I 504 i 71.4 A 442 I 156 I 395 89.4 411 240 490 119.2 700 I 277 526 I 75.1 .3 514 183 428 83.3 478 288 537 112.3 695 I 310 557 I 80.1 .2 586 I 213 462 78.8 546 342 585 107.1 690 I 352 I 593 85.9 .1 659 I 248 I 498 75.6 613 401 633 103.3 685 I 405 636 92.8 0.0 731 I 286 535 73.2 680 467 683 10004 680 467 683 I 10004 
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
"" 
"" co
TABLE 34. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
MARSHALL SOILS, LINCOLN TOWNSHIP, MONTGO~IERY COUNTY .• 
- - -- - - -- --- -
_._-
Value 
of q Income I Variance I Standard I eff~~~nt Income I Variance I Sta!1~rd I eff~~~nt deviation variation devIatIon variation Income 1 Variance I Stan~rd I eff~~~nt deviatlOn variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 1335 1180 1086 81.3 1335 1180 1086 I 81.3 1335 I 1180 1086 I 81.3 .9 1213 1060 1030 84.9 1272 1090 1044 I 82.1 240 981 990 79.8 .8 1091 944 972 89.1 1208 1010 1005 83.2 1144 B06 898 78.5 .7 969 843 918 94.7 1144 935 967 84.5 1049 653 808 77.0 .6 847 754 868 102.5 1081 876 936 86.6 953 522 722 I 75.8 
t I I .5 725 67& 822 113.4 1018 829 910 I 89.4 858 414 I 643 74.9 .4 603 607 779 129.2 954 792 890 I 93.3 763 I 327 572 75.0 .3 481 551 742 154.3 890 766 875 98.3 667 263 513 76.9 
.2 359 505 711 198.1 827 752 867 I 104.8 572 221 I 470 I 82.2 
.1 237 471 686 289.5 764 749 865 I 113.2 476 I 202 I 449 I 94.3 0.0 115 447 669 581.7 700 757 870 124.3 381 204 552 I 118.6 
Corn·wheat Oats·soybeans Oats-hay 
1.0 1335 1180 1086 I 81.3 115 I 447 I 669 
I 
581.7 115 
I 
447 I 669 I 581.7 .9 1260 1030 1015 80.6 174 I 424 651 374.1 142 385 620 [ 436.6 
.B 1185 899 948 I 80.0 232 r 413 643 277.2 . 168 331 I 575 I 342.3 .7 1110 777 881 79.4 290 
I 
414 643 221.7 195 285 I 534 I 273.8 .6 1035 668 817 78.9 349 427 653 187.1 221 248 498 225.3 
I I r I 
.5 960 570 755 78.6 408 452 672 I 164.7 248 I 220 469 [ 189.1 .4 885 485 696 78.6 466 489 699 150.0 275 200 447 I 162.5 .3 810 412 642 79.3 524 I 538 733 139.9 301 I 188 434 I 144.2 
.2 735 351 592 80.5 583 I 599 774 ! 132.8 328 185 430 I 131.1 .1 660 303 550 83.3 642 I 672 820 127.7 354 190 436 123.2 0.0 585 266 516 I 88.2 700 1 757 870 124.3 381 204 452 [ 118.6 
--
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
eo> 
Of> 
o 
TABLE 34. (Continued) 
Value Income I Variance I Standard I eff~~~nt 
of q deviation variation 
Oats-wheat 
1.0 115 
I 
447 669 
I 
581.7 
.9 162 403 636 392.0 
.8 209 365 604 289.0 
.7 256 332 576 226.0 
.8 303 306 553 182.5 
I 
.6 350 285 534 , 152.(: 
.4 397 269 519 
I 
130.7 
.3 444 260 510 114.9 
.2 491 266 506 1,03.1 
.1 538 268 508 94.4 
0_0 585 266 516 88.2 
Hay-wheat 
1.0 
381 I 204 462 I 
118.6 
.9 40 180 424 106.7 
.8 422 162 402 95.3 
.7 442 152 390 88.2 
.6 463 148 386 83.2 
.5 483 150 387 80.1 
.4 503 160 400 79.6 
.3 524 176 420 80.2 
.2 544 200 447 82.2 
.1 565 229 479 84.8 
0.0 585 266 616 88.2 
Income I Variance I Sta!1dard I eff~~~nt devIation variation 
Soybeans-hay 
700 757 870 
I 
124.3 
668 645 803 120.2 
636 646 739 116.2 
604 459 677 112.1 
572 385 620 108.4 
I 540 324 569 105.4 509 275 524 102.9 477 238 488 102.3 H5 214 463 104.0 413 203 451 I 109.2 381 204 452 118.6 
Income /variance I Standard I ef'f~~nt deviation variation 
Soybeans-wheat 
700 I 757 870 124.3 688 675 822 119.5 
677 600 775 114.5 
666 533 730 109.6 
654 473 688 105.2' 
642 420 648 100.9 
631 375 612 97.0 
620 337 581 93.7 
608 306 553 91.0 
596 282 531 89.1 
585 266 516 88.2 
.,. 
00 
'"" 
TABLE 35.· LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
·CLARION-WEBSTER-NICOLLET . SOILS, LINCOLN TOWNSHIP, POLK COUNTY.· 
._---_ .. _-
Value Income I Variance I Sta!1dl)-rd I efffc1~nt Income I Variance I Standard I effi~?~nt Income I Variance I Sta!1d~rd I efffc1~nt 
ofq devmtlOn variation deviation variation devIatIOn variation 
Corn·oats Corn-soybeans Corn·hay 
1.0 . 1875 I 1610 I 1269 I 
67.7 1875 r 1610 
I 
1269 
I 
67.7 1875 I 1610 I 1269 I 67.7 ,9 1717 1380 1175 68.4 17~0 I 1500 1225 68.4 1734 r 1350 1162 I 67.0 .8 1559 I 1170 1082 69.4 17~6 I 1390 1179 69.1 159~ I 1120 1058 66.4 .7 1401 971 I 985 70.3 1621 I 1290 1136 70,1 141>2 I 918 I 958 I 66.0 .6 1243 I 795 892 I 71.8 1536 I 1200 1095 71.3 1311 I 750 866 66.1 , I F I , I I .5 1084 638 I 799 I 73.7 1452 i 1120 I 1068 I 72.9 1170 I 613 783 66.9 .4 926 I 500 707 76.3 1~~7 I 1040 1020 I 74.6 1029 r 508 713 I 69.3 .3 768 I 381 617 80.3 1282 982 991 I 77.3 888 I 435 I 660 I 74.3 .2 610 281 I 530 86.9 1197 I 928 I 963 I 80.5 747 I 393 I 627 I 83.9 .1 452 200 447 I 98.9 1113 I 884 I 940 I 84.5 606 I 383 I 619 I 102.1 0.0 294 I 137 370 125.9 1028 I 850 922 89.7 465 I 405 636 136.8 
Oats·soybeans Oats·hay Soybeans·hay 
1.0 294 I 137 
I 
370 125,9 294 I 137 I 370 
I 
125.9 1038 I 850 I 922 
t 
89.7 
.9 3R7 I 167 409 111.4 311 I 126 I 355 114.1 972 I 757 I 870 89.5 
.8 441 I 207 455 103.2 328 I 124 I 352 107,3 910 I 675 I 822 I 89.8 ,7 514 255 505 98.2 345 130 I 361 104.6 859 I 604 I 777 I 90.5 .6 588 I 313 559 95.1 362 I 144 I 379 104.7 803 I 543 737 I 91.8 
I I I 
I \ i I .5 661 379 616 93.2 380 166 I 407 I 107.1 746 493 I 702 94.1 
.4 734 455 675 92.0 397 I 197 I 444 I 111.8 690 I 454 I 674 I 97.7 .3 808 540 735 91.0 414 I 237 487 I 117.6 634 t 426 653 I 103.0 .2 881 I 634 I 796 90.4 431 I 284 I 533 123.7 578 I 408 I 639 I 110.6 .1 955 737 858 I 89.8 448 I 341 I 584 I 130.4 521 I 401 I 633 I 121.5 0.0 .. 1028 I 850 I 922 I 89.7 465 I 405 I 636 I 136.8 465 I 405 I 636 136.8 
----
• Variancc in thousand,;. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
C!> 
00 
.", 
TABLE 36. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
TAMA-MUSCATINE-GARWIN SOILS, SHERIDAN TOWNSHIP, SCOTT COUNTY.-
~~----
Value Income I Variance I Sta~dard I eff~~~nt Income I Variance I Sta~dard I eff~~~nt Income I Variance I StaJ;ld~rd I eff~~~nt 
of q deVIation variation devIation variation devIatIOn variation 
Corn-oats Com-soybeans Com-hay 
1.0 2282 I 2660 
I 
1631 
I 
71.5 2282 I 2660 I 1631 I 71.5 2282 I 
2660 
I 
1631 I 71.6 .9 ZU2 I 2290 1513 71.3 2177 I 2440 1562 71.8 2112 2160 1470 69.6 
.8 1963 I 1940 1393 71.0 2072 I 2240 1497 I 72.2 1942 1720 1311 I 67.6 .7 1804 I 1640 1281 71.0 1967 I 2060 I 1435 I 73.0 1772 1330 1153 65.1 
.6 1644 1360 I 1166 I 70.9 1862 I 1890 I 1375 I 73.8 1602 1000 1000 I 62.4 
I I I I I I I I I 
.5 1484 I 1120 I 1058 ! 71.3 1756 I 1740 I 1319 I 75.1 1432 I 727 I 853 I 59.6 .4 1325 I 906 I 952 71.8 1651 I 1600 1265 I 76.6 1263 507 712 56.4 .3 1166 I 727 I 853 I 73.2 1546 1480 1217 78.7 1093 342 I 585 53.6 .2 1006 I 581 762 75.7 1441 I 1380 I 1175 I 81.5 923 I 232 I 482 52.2 .1 846 I 467 I 683 I 80.7 1336 ! 1290 1136 I 85.0 753 177 I 421 I 55.9 0.0 687 I 385 I 620 I 90.2 1231 1220 1105 I 89.8 583 178 422 I 72.4 
OatH-soybeans Oats-hay Soybeans-hay 
1.0 687 , f85 
I 
620 ! 90.2 687 I 385 I 
620 
I 
90.2 1231 
I 
1220 I 1105 
I 
89.8 
.9 741 I 434· 659 88.9 677 I 338 581 85.8 1166 1040 1020 87.5 
.8 796 I 490 700 I 87.9 666 I 290 544 81.7 1101 884 I 940 85.4 .7 850 I 554 744 ! 87.5 656 I 261 511 77.9 1037 741 861 83.0 .6 905 I 626 791 87.4 645 I 231 I 481 74.6 972 614 784 80.7 I I I I I I I .5 959 I 705 840 87.6 635 207 455 I 71.7 907 I 502 ! 709 78.2 .4 1013 I 792 890 87.9 625 190 436 69.8 842 406 637 75.7 .3 1068 887 I 942 88.2 614 178 422 68.7 777 326 I 571 73.5 .2 1122 I 989 I 994 88.6 604 172 415 I 68.7 713 I 261 611 71.7 .1 1187 I 1100 1049 89.1 593 172 415 70.0 648 I 211 459 70.8 0.0 1231 I 1220 1105 89.8 583 178 422 72.4 583 178 I 422 72.4 
--~--~~ 
--
• Variance in thousands. The value of q refers to the pr9Portion of 60 acres devoted to the first mentioned crop of each pair. 
CD 
co 
w 
TABLE 37. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
GALVA·PRIMGHAR-SAC SOILS, READING TOWNSHIP, SIOUX COUNTY .• 
--- - -
Value Income I Variance I Standard I eff~~~nt Income I Variance I Standard I eff~~~nt Income I Variance I Sta~dard I eff~~~nt 
of q deviation variation deviation v",riation devtatlon variation 
Corn-rats Corn-soybeans Corn-hav 
1.0 1145 I 1400 
I 
1183 I 103.3 1145 I 1400 I 1183 I 103.3 1145 I 1400 I 1183 I 103.3 .9 1060 I 1220 1105 I 
104.2 1111 1270 I 1127 I 101.4 1100 1210 I 
1100 100.0 
.8 974 1050 1025 105.2 1078 I 1140 1068 I 99.1 1055 1030 1015 I 96_2 .7 888 I 
889 943 106.2 1044 I 1030 I 1016 97.2 1010 I 880 938 I 92.9 .6 S03 746 864 107.6 1011 928 I 963 95.3 965 I 744 863 I 89.4 I I I I I .5 718 617 I 785 I 109.3 977 I 837 I 915 93.7 920 627 I 792 86.1 .4 6:12 
I 
501 
I 
708 112.0 943 I 757 I 870 92.3 876 527 726 82.9 .3 546 399 632 I 115_8 910 I 688 829 91.1 831 447 669 80.5 .2 461 310 567 120.8 876 I 629 I 793 90.0 786 385 I 620 I 78.9 .1 376 235 486 I 129.0 843 581 I 762 90.4 741 341 I 584 I 78.8 0.0 290 173 416 143.4 809 I 544 738 91.2 696 316 562 80.7 ~ 
Corn-flax Oats-soybeans Oats-hay 
1.0 1146 I 1400 I 1183 
! 
103.3 290 I 173 I 416 I 143.4 290 I 173 I 416 I 143.4 
.9 1104 1290 I 1136 102.9 342 I 189 I 435 I 127.2 331 I 173 I 
416 I 126.7 .8 1064 r 1200 I 1095 102.9 394 I 210 I 468 I 116.2 371 176 420 113.2 
.7 1023 I 1130 I 1063 103.9 446 I 236 I 486 I 109.0 412 182 427 I 103.6 .6 983 1070 1034 I 105.2 498 [ 266 I 516 103.6 452 I 192 438 I 96.9 
I I I I I I I I I .5 942 1030 I 1015 I 107.7 550 I 301 I 549 I 99.8 493 205 I 543 , 91.9 .4 901 1000 I 1000 I 111.0 601 340 683 r 97.0 534 221 I 470 I 88.0 .3 861 I 989 994 I 115.4 653 I 384 I 
620 I 94.9 574 240 I 490 I 86.4 
.2 820 I 993 I 996 121.6 705 I 433 658 I 93.3 615 262 I 512 I 83.3 .1 780 I 10tO 1005 I 128.8 767 I 486 697 92.1 655 287 536 81.8 0.0 739 1050 1025 138.7 809 I 544 738 I 91.2 696 316 I 562 80.7 
-
• Variance in thousands. The value of q refers to the proportion ()f 60 acres devoted to the first mentioned crop at each pair. 
TABLE :17. (Continued) 
Value I I I Co· Income Variance Sta~d"rd efficient of q devIation variation 
Oats-flax 
1.0 2!IO I 173 I 416 I 143.4 .9 335 I 206 454 135.5 .S 3110 I 251 I 501 131.8 .7 425 308 I 555 I 130.6 .6 470 378 I . 615 130.9 
I I I 
.5 514 I 459 I 677 I 131. 7 .4 559 553 744 I 133.1 
.3 604 I 669 I 812 I 134.4 .2 Ei49 I 778 882 I 135.9 
.1 694 I 908 I 953 I 137.3 
0.0 7:I!J I 1050 I 1025 I 13S.7 
Hay-flax 
1.0 696 I 316 I 562 I 80.7 .9 700 I 313 I 559 79.9 
.8 705 I 328 I 573 ! 81.3 .7 709 3fi9 599 84.6 .6 713 407 638 89.6 
I , I 
.5 718 I 472 
I 
687 
I 
95.7 
.4 722 
I 
554 744 103.0 
.3 726 653 808 111.3 
.2 730 769 877 120.1 
.1 735 901 I 949 I 129.1 0.0 739 1050 1025 I 138.7 
- -~ 
I ' I Co-Income Varian"e ISta,:,d~rd efficient 
deVIatIOn \'ariation 
Soybeans-hay 
S09 I 544 ! 738 I 91.2 798 494 703 88.1 786 I 450 671 I 85.4 775 412 I 642 I 82.8 764 380 I 616 80.6 
I I I 
752 
! 
354 I 595 I 79.1 741 335 579 78.1 730 321 I 567 I 77.7 
719 313 I 569 I 77.7 707 I 312 I 559 I 79.1 696 I 316 I 562 I 80.7 
Income I Y"rlance I Sta~d'~rd \ eff~i~nt I deViatIOn vdriation 
Soybeans-flax 
809 I 544 I 738 I 91.2 
802 I 549 I 741 I 92.4 
795 I 565 I 752 I 94.6 788 590 I 768 I 97.5 781 I 625 791 101.3 
I I I 
774- I 671 
I 
819 I 105.S 767 I 727 853 111.2 
760 I 793 891 I 117.2 
753 I 869 932 I 123.8 
746 I 955 I 977 I 131.0 739 I 1050 I 1025 138.7 
~ 
00 
01 
TABLE 38. LEVEL OF INCOME, VARIANCE, STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
SANDY LOAM SOILS, HARRISON TOWNSHIP, BENTON COUNTY.· 
Value Income I Variance I Standard I eff~~~nt Income I Variance I Standard I eff~1~nt Income I Variance I Sta~dard I eff~~~nt 
of q deviation variation deviation variation deVIation variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 1396 
1 
927 
1 
963 
1 
69.0 
1396
1 
927 963 
I 
69.0 1396 
I 
927 
1 
963 69.0 
.9 1296 825 908 70.1 1310 839 916 69.9 1305 774 880 67.4 
.8 1196 732 856 71.6 223 758 871 71.2 1215 639 799 66.8 
.7 1095 647 804 73.4 1136 683 826 72.7 1124 520 721 64.1 
.6 995 570 755 75.9 1050 613 783 1 74.6 1033 1 418 647 62.6 
I I I I I .6 895 502 709 I 79.2 964 I 550 I 742 I 
77.0 942 I 334 578 61.4 
.4 795 442 665 I 83.6 877 I 492 701 79.9 852 267 517 60.7 .3 695 
I 
391 625 I 89.9 790 440 I 663 83.9 761 
I 
216 465 I 61.1 
.2 694 347 589 I 99.2 704 I 396 I 628 89.2 670 183 428 I 63.9 .1 494 312 559 113.2 618 355 596 I 96.4 580 167 409 70.5 0.0 394 286 I 535 I 135.8 531 I 321 567 106.8 489 168 I 410 83.8 
Oats-soybeans Oats-hay Soybeans-hay 
1.0 394 I 286 I 535 I 135.8 :194 I 286 I 535 I 135.8 531 I 321 
1 
567 I 106.8 .9 408 I 285 I 534 130.9 404 252 502 124.3 527
1 
285 534 101.3 
.8 421 285 I 534 I 126.8 413 I 224 473 114.5 523 254 504 I 96.4 .7 435 I 286 I 535 I 123.0 422 299 I 447 I 105.9 18 228 477 I 92.1 .6 449 288 I 537 I 119.6 432 I 181 I 425 I 98.4 514 206 454 I 88.3 
I I I I I I I I 
.5 462 
1 
291 I 539 I 116.7 442 I 167 I 409 I 92.5 510 I 188 I 434 I 85.1 .4 476 295 I 543 I 114.1 451 I 158 397 I 88.0 506 I 
175 418 I 82.6 
.3 490 
I 
300 I 548 111.8 460 I 153 I 391 I 85.0 502 166 I 407 I 81.1 .2 504 306 553 I 109.7 470 I 153 I 391 I 83.2 497 162 I 402 I 80.9 .1 517 313 I 559 108.1 480 158 I 397 I 82.7 493 163 408 81.9 0.0 531 321 1 567 106.8 489 168 410 83.8 489 I 168 I 410 I 83.8 
• Variance in thousands. 'l'he value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
.,. 
00 
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TABLE 39. LEVEL OF INCOME. VARIANCE. STANDARD DEVIATION AND COEFFICIENT OF VARIATION. 
RIVER-BOTTOM SOILS. OAKLAND TOWNSHIP. LOUISA COUNTY.-
Value Income I Variance I Standard I erf~l~nt ofq deviation variation Income I Variance I Standard I eff~l~nt deviation variation Income I Variance I ~tafdJrd \ eff~tent eva on variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 1317 105 1'1025 
I 
77_8 
1317
1 
1050 1026 I 77.8 1317 1050 1025 I 77.8· .9 1201 907 952 79.3 1243 984 992 79.8 1241 890 943 76.0 
.8 1086 774 880 81.1 170 920 959 I 82.0 1165 745 863 I 74.1 .7 969 652 807 93.3 1096 861 928 84.7 1089 617 785 72.1 .6 853 641 736 86.3 1023 807 898 87.8 1013 508 713 
I 
70.4 
.5 736 I I 
I I 68.8 443 666 90.5 949 759 871 91.8 938 416 645 
.4 620 356 
I 
697 96.3 876 715 846 96.7 ' 862 342 685 67.9 
.3 604 I 281 530 105.2 802 676 82:! 102.5 786 286 535 68.1 
.2 388 I 217 466 120.1 728 643 802 110.2 710 247 497 ! 70.0 .1 272 166 407 149.6 655 614 ' 784 119.7 634 227 476 75.1 0.0 156 126 355 227.6 581 591 769 132.4 558 224 473 84.S ~ "'l 
Oats-soybeans Oats-hay Soybeans-hay 
1.0 156 I 126 I 355 227.6 156 I 126 355 
I 
227.6 581 591 769 132.4 
.9 198 151 389 196.6 
196
1 
120 346 176.5 579 510 714 123.3 
.8 241 I 181 426 176.3 236 118 344 145.8 576 439 663 115.1 _7 284 216 465 163.7 277 119 346 124.5 5H 378 615 107.1 
.6 326 I 255 505 154.9 317 123 351 110.7 572 327 572 100.0 
I 
_5 368 299 547 148.6 357 I 132 363 I 101.7 570 285 534 93.7 
.4 411 348 590 
I 
143.6 
397
1 
143 . 378 
I 
96.2 
567
1 
254 504 88.9 
.3 454 402 634 139.6 437 158 397 90.8 565 232 482 85.3 
.2 496 460 678 136.7 478 177 421 88.1 3 219 468 83.1 
.1 538 523 723 134.4 518 199 446 86.1 560 217 I 466 I 83.2 0.0 581 591 769 132.4 5p8 224 473 84.8 558 224 473 84.8 
-_. 
• Variance In thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pall'. 
TABLE 40. LEVEL OF INCOl\I1<;, VARIANCE, STANDARD DEVIA'l'ION AND COEFFICIENT OF VARIATION. 
SHELBY-SEYl\IOUR-EDINA SOILS, ,VASHINGTON TOWNSHIP, APPANOOSE COUNTY .• 
--------- ------ ------- ------ - -------
--
Value Income I Variance I Sta~d~rd I eff~l~nt Income I Variance I Sta~d~rd I eff~l~nt I I ' I Co-Income Variance Sta~dard efficient of 11 dena tIOn variation deVIatIOn variation devla tlon variation 
Corn-oats Corn-soybeans Corn-hay 
1.0 641 
I 
495 I 704 r 109.8 641 I 495 ! 
704 I 109.8 641 I 495 I 704 I 109.8 
.9 593 437 661 I 111.5 625 
I 
462 680 I 10S.8 605 I 411 I 641 I 106.0 .S 544 385 I 620 I 114.0 609 432 657 107.9 569 I 338 581 I 102.1 .7 496 337 581 117.1 593 405 636 I 107.3 533 I 276 525 I 98.5 .6 448 I 295 543 121.2 577 382 I 618 I 107.1 497 I 227 I 476 I 95.8 
I I I I I i I I I .5 400 259 509 I 127.2 560 I 362 I 602 I 107.5 460 I 188 I 434 I 94.3 .4 351 227 476 i 135.6 544 346 588 I 108.1 424 I 161 I 4u1 I 94.6 .3 303 I 201 
I 
448 I 147.9 528 I 334 I 578 1 109.5 3S8 I 146 382 I 9S.5 
.2 255 I 180 424 I 166.3 512 I 325 I 570 ! 111.3 352 I 142 I 377 [ 107.1 .1 206 I 165 406 I 197.1 496 319 I 565 i 113.9 316 I 150 I 387 122.5 0.0 158 I 154 392 I 24S.1 480 317 563 117.3 • 280 169 411 ! 146.8 
Oats·soybeans Oats-hay Soybeans-hay 
1.0 158 I 154 I 392 I 248.1 158 I 154 I 
392 I 248.1 480 I 317 I 563 I 117.3 .9 190 158 I 397 I 208.9 170 I 132 363 213.5 460 I 272 I 522 I 113.5 .8 222 I 164 I 405 182.4 182 115 339 I 186.3 440 I 233 I 483 I 109.8 .7 255 I 173 I . 416 I 163.1 195 I 104 I 322 I 165.1 420 I 201 I 448 106.7 
.6 287 I 185 I 430 I 14~.8 207 I 97 I 311 I 150.2 400 I 176 I 420 I 105.0 
I 
I 
I I I I I I I 
.5 319 I 200 447 I 140.1 219 I 96 I 310 I 141.6 380 I 158 I 397 I 104.5 .4 351 218 467 I 133.0 231 100 316 I 136.8 360 1 146 382 I 106.1 
.3 383 I 239 489 I 127.7 243 I 109 I 
330 I 135.8 340 I 142 I 377 I nO.9 
.2 416 I 262 I G12 123.1 256 I 124 352 I 137.5 320 I 144 I :179 I 118.4 
.1 448 I 288 I 537 I 119.9 268 I 144 379 I 141.4 300 I 153 I 391 I 130.3 0.0 480 I 317 I 563 117.3 280 l_l~9_1 411 146.8 280 I 169 I 411 I 146.8 
_. ----
• Variance in thousands. The value of q refers to the proportion of 60 acres devoted to the first mentioned crop of each pair. 
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the proportions are 50-50. In Oakland Township of Louisa County, 
another stable rainfall area, 90 percent of the land in hay and 10 per-
cent in soybeans results in a minimum variance. In Washington Town-
ship, Appanoose County, four out of six crops can be combined to re-
duce income variance. As in all other townships, corn grown alone 
not only has a large variance but also has a higher level of income than 
other crops. 
Since crops are normally grown in combination, the data of the 
previous tables are important in illustrating the nature of income vari-
ability when crops can be combined in various proportions. Diversi-
fication or enterprise combination is the chief policy which the farmer 
can initiate on his own farm to increase stability of income. While 
this study deals only with primary crop production, a wide range of 
opportunities exists for reducing variability through diversified pro-
duction patterns which include livestock. Most livestock enterprises, 
while subject to the same major price forces, involve less output or 
yield variability than Iowa crops. (A subsequent publication dealing 
with livestock income and variance will illustrate the nature of these 
relationships.) The effect of crop diversification at the various 10· 
cations is illustrated clearly in the data, however. With few exceptions, 
crop combinations reduce variance below that for the crop of the pair 
with the greatest variance when grown alone. 
PARTICULAR CO:\IBINATIONS AND LOCATIO:-IS 
Oats and hay have the effect of reducing variance for many crops on 
the various soil associations. They are effective in this sense because of 
their low absolute variance. The low absolute variance for oats grows 
out of the fact that income for the crop is low; deviations of 10 percent 
in yield have much less effect in the total variance component than 
a similar percentage variation in yield or price for a higher return 
crop such as corn or soybeans. While addition of oats to a combi-
nation is highly effective in reducing income variance, the reduction 
comes with a relatively high sacrifice in income. 
Other interesting and useful interpretations of income variance 
under diVersification also can be made. .On Shelby·Grundy·Haig soils 
in Troy Township, Clarke County, soybeans added to corn have the 
effect of reducing variance within a limited range. As table 27 shows, 
variance declines until .8 of the acreage is' devoted to corn and .2 is 
devoted to beans; addition of more beans at the expense of corn acreage 
has the effect of increasing variance. With.6 of the acreage 'in corn 
and .4 in beans, variance is approximately as great as it is with the 
entire acreage devoted to corn. With the entire acreage devoted to 
beans, variance is approximately 13 percent greater than for corn alone. 
In contrast, on Carrington-Clyde soils of Saratoga Township, Clarke 
County, variance declines as acreage is shifted to beans until all of the 
land is in beans. Similar contrasts exist between beans and corn in 
other townships. It should be pointed out, however, that soybeans do 
not have the universal effect of adding stability to income, a belief 
held by many people. The soybean is one of the best crops for di· 
versification on many soils of Icwa, however. With the exceptions 
which can be noted in the tables, some acreage of soybeans has the 
effect of reducing income variance without reducing income itself to 
the levels brought about by hay or oats as diversification crops. 
When combined with corn, hay also serves to reduce income vari· 
ance for numerous locations. In contrast to oats, however, minimum 
variance is not so often attained when the entire acreage is devoted 
to ha~·. In Troy Township, Clarke County, income variance declines 
until 20 percent of a given acreage is in corn and 80 percent is in hay; 
in Saratoga Township of Howard County the parallel figures are 30 
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Fig. 4. Production possibillties showing relationship between level of 
income and variance of Income; Grundy, Haig and Shelby soils; Troy 
Township, Clarke County. 
percent in corn and 70 percent in hay, while the figures are 11 and 99 
for Jordan Township of Monona County. Lil{e oats, hay is not a good 
crop for reducing income variance in many counties because the level 
of income itself is low. There are, however, exceptions such as Ap· 
panoose Township in Washington County. 
Oats and hay can be combined to effectively reduce income vari· 
ability; variance of income is less under some combination of the two 
than for either alone on 60 acres. Because the income of both is low, 
however, neither crop is highly desirable from the standpoint of di· 
versification. Oats will continue to be grown on most Iowa farms 
over the range in which they serve as a supplementary and comple· 
mentary crop in aiding the catch of seedings and the production of 
hay. Hay should be grown on most soils through the range in which 
it is complementary to corn and allows a greater production from the 
same acreage through its ability to control erosion and where it adds 
organic matter and nitrogen to the soil at a lower cost than other 
sources. On some soils hay does substitute at a rate high enough to 
allow it to partially replace corn and soybeans in the competitive range 
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Fig. 5. Production possibilities showing relationship between level of 
income and variance of income; Tama, Downs and Muscatine soils' Grand 
Meadow Township, Clayton County. ' 
of crops."" In Troy Township of Clarke County. income declines until 
60 percent of the given land acreage is in oats and 40 percent Is in 
hay, For Saratoga Township, Howard County, the figures are 70 per-
cent and ::IU percent, respectively; they are 95 and 59 for Appanoose 
Township. Washington County. 
Since returns from flax are highly variable, the addition of most 
crops with flax results in a reduction of Income variance. In the 
Carrington·Clyde soils of Saratoga Township, Howard County, the crop 
pair which Includes flax and soybeans results in reduction of variance 
.. For a detailed discussion of competitive and complementary relationships 
and their relationship to optimum cropping patterns see Heady, Earl O. 
Economics of crop rotations with farm and polley applications. Jour. of 
Farm Econ. Vol. 30, pp. 645-665, 1948; Heady, Earl O. and Jensen, Harald L. 
Economics of crop rotations and land use. Iowa Agr. Exp. Sta. Res. Bul. 
383, 1951; and Heady, Earl O. Economics of agricultural production, 
Prentlce.Hall. New York. 1952. Chapters 2 and 8. 
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Fig. 6. Production possibilities showing re-
lationship between level of income and variance 
of income; Carrington (plastic till phase) and 
associated sons; Saratoga Township. Howard 
County. 
until 80 percent of the 
given acreage is in 
beans; for hay and flax, 
income variance de-
clines until the major 
portion of the acreage 
is in hay. For oats and 
flax, income variance 
is generally at a mini-
mum with the entire 
acreage devoted to oats. 
When paired with corn, 
flome acreage .,f flax 
almost universally re-
duces income variance 
since both crops have 
high absolute variabil· 
ity. Again in Saratoga 
Township, income var-
iance in table 29 is 
smaller for .4 of the 
acreage in corn and .6 
in flax than for any 
other value of q shown. 
INCOME SACRIFICES 
IN 
REDUCING VARIANCE 
As has been pointed 
out above, oats, when 
combined with other 
crops, is effective in re-
ducing income variance. 
However, reductions 
through diversification 
by oats entail a rela-
tively great sacrifice in 
income as compared to other crops. This choice is an important one 
to farmers. Each operator is individually faced with making· the 
optimum choice between alternative (and likely competing) goals of 
income maximization and variability reduction. 
He often must select level of income at the expense of stability of 
income and vice versa; in some instances the two go hand in hand. 
The extent to which the operator should select the possibility of higher 
income while sacrificing possible stability of income or, conversely, 
select greater stability at a sacrifice in income depends on many 
factors including his own preference or dislike for risk, his capital 
and equity position, the scale of his operations and his family re-
sponsibilities. A young farmer possessing little capital and a low 
equity particularly may prefer stability to magnitude of income. He 
may feel fairly certain in his own mind that an enterprise combination 
which has low income variability will give smaller returns than one 
with greater variability. Yet his choice is entirely rational in the 
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FIg. 7. Production possibilities showing relationshIp between level ot 
income and variance ot income: Clarion. Nicollet and Webster solis; Har. 
rIson TownshIp, Kossuth County. 
sense that the great variability under the high income system may 
cause him to go bankrupt in a year of great losses. On the other hand. 
an established operator with large capital and equity may select the 
"prospectively high" return enterprise even if the probablllty is great 
for large losses in single years. . His capital position makes possible 
business survival over one or a lew years of loss and the capture of 
extremely high, offsetting profits in other years. While low income 
varlab111ty is a short-run goal of many farmers. it also is a means to 
greater or maximum profits in the long run; by selecting "more de-
pendable" crop or livestock combinations during his beginning and low-
capital phases of farming, the younger operator may then build his 
equity to a level where continuance of operation is secured and invest· 
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Fig. 8. Production possibilities showing reo 
lationship between level of income and variance 
of income: Grundy and Haig soils: Cedar 
Township. Lee County. 
ment can be made in 
these enterprises which 
average high returns 
over time but are also 
accompanied with great 
variability of income. 
However. efficient 
choices between compet-
ing goals of higher in-
come or greater stabil-
ity can be made by few 
farmers unless they 
know the nature of the 
production possibilities 
i n vol v e d. i. e.. the 
amount of variability 
that attaches to each 
level of income and vice 
versa. In order to pro-
vide a better picture of 
these possibilities figs. 
4-17 inclusive have been 
constructed from col-
umns 2 and 3 for each 
crop combination in 
tables 27-40. The pos-
sibility curves of these 
figures show the rela-
tionship of level of in-
come and variance of 
income. 
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Fig. 9. Production possibilities showing relationship between level of 
Income and variance of income: Moody and associated salls: Logan Town· 
shiP. Logan County. 
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Fig, 10, Production possibilities showing relationship between level of 
income and variance of Income; Ida, Monona and Napier soils; Jordan Town-
ship, Monona County. 
These figures give a vIvid illustration of alternative choices be-
tween level of income and stability of income. If we use magnitude 
of income variance to reflect income stability (the lower the variance, 
the greater is the stability, while the higher the variance, the lower 
the stability), then it can be said that the possibilities indicated in-
clude both competitive and complementary ranges in choice. By com-
plementary we mean income can be Increased at the same time sta-
bility of income is increased (i.e., income variance is lessened); by 
competitive we mean choice of either level of income or stability of 
income must be made at the expense of the other. These distinctions 
are illustrated respectively by the negative and positive sloped portions 
of the curve in the figures. For example, in fig. 4 for the Shelby-Grundy-
Haig soil situation, corn and oats involve competition alone between 
level and stabIlity of income since the curve is positively sloped only. 
A cropping system representing corn alone is represented by the upper-
most point of the curve while a cropping system representing oats 
alone is represented by the lowermost point. Starting with oats alone 
(the lowest point on the, curve), points higher and higher on the curve 
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Fig. 11. Production posslblllties showing relationship between level of 
income and varIance of income; Marshall and associated soils; Lincoln 
Township, Montgomery County. 
are attained through a greater shift in the use of capital, land and labor 
resources from oats to corn until corn alone is represented (the highest 
point on the curve). Similar statements apply to other curves. The 
highest or end point of each curve represents a use of resources where 
only the first-mentioned crop of each pair is grown; the lower point 
represents production of the second·mentioned crop. Other points on 
the curve represent combinations of the two crops; the value of q, the 
proportion of resources devoted to either crop. can be determined from 
tables 27-40 for any point on the curve since these "possibility curves" 
are graphed from the 
income and variance 
columns of the table. 
For corn and soy-
beans on the Shelby-
Grundy·Haig soil situ-
ation for fig. 4. the 
range of complemen-
tarity Is great starting 
from soybeans alone 
and moving to more 
corn; the curve has a 
long negatively·sloped 
portion indicating that 
a shift of resources 
from beans to corn has 
the effect of both in-
creasing income and in-
creasing stability (re-
ducing variance). Even-
tually. however, the 
curve takes on a posI-
tive slope denoting that 
if greater income is 
selected as the para-
mount goal, it can be 
attained only at a sac-
rifice in stability (i.e., 
through an increase in 
variance of income) • 
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Fig. 12. Production posslblUties showing re-
lationship between level of Income and variance 
of income; Clarion, Nicollet and Webster soils; 
Lincoln Township, Polk County. 
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Fig. 14. Production possibilities showing relationship between level of 
Income and variance of income; Galva and Primghar soils; Reading Town-
ship, Sioux County. 
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Or starting from corn 
alone, shifting some 
acreage to beans re-
sults in a reduction in 
variance (an increase 
in stability of income) . 
The choice to be made 
between level of income 
and stability of income, 
again, is one which the 
individual farmer alone 
can mal{e and the deci-
sion should turn on his 
capital position, his 
like or dislike for risk 
and his family position. 
However, he has no rea-
son to shift further 
from corn to beans over 
the negativelY'sloped or 
complementary range of 
the curve; the shift 
not only lowers the 
level of income but re-
Fig. 15. Production 
possibilities showing re-
lationship between level 
of income and variance 
of income; sandy loam 
soils: Harrison Township, 
Benton County. 
Fig. 16. Production 
posslbll1Ues showing re-
lationship between level 
of income and variance 
of income; river bottom 
solis; Oakland Township. 
Louisa County. 
duces stability of in-
come. Other crop pairs 
for the Clarke County 
situation which include 
complementarity as 
well as competition in 
choice are soybeans-
hay. corn-hay and oats-
hay; the complemen-
tary range of the curve 
is relatively long for 
oats-hay. and while all 
combinations of the two 
crops result in a low ab-
solute variance, income 
is also low as is de-
noted by the position 
of the oats-hay curve 
in the graph. 
Crop pairs which in-
clude a range of comple-
mentarity between in-
come and stability in 
other townships include 
the following (see figs. 
5-17): Grand Meadow: 
hay-soybeans, hay-oats 
and oats-soybeans. Har-
rison, Kossuth: flax-hay. 
soybeans-hay, hay-oats, 
corn-hay and corn-flax. 
Cedar: corn-hay, soy-
beans-hay, hay-oats and 
corn-hay. Logan: flax-
corn, flax·hay, hay-soy-
beans and hay-oats. Jor-
dan: corn-hay, corn-
wheat and hay-wheat_ 
Lincoln, lIfontgomery: 
corn-soybeans, soybeans-
oats, corn-wheat, wheat-
oats, wheat-hay and soy-
bean-hay. Reading: corn-
flax, soybean-hay and 
flax-hay. Lincoln, Polk: 
hay-oats and soybean-
oats. Sheridan: hay-oats. 
Harrison, Benton: soy-
beans-hay and hay-oats. 
Oakland: soybean-hay 
Fig. 17. Production 
possibilities showing re-
lationship between level 
of income and variance 
of Income; Seymour. 
Edina and Shelby soils; 
Washington Township, 
Appanoose County. 
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TABLE 41. RATE OF CHANGE OR VARIABILITY (OR MARGINAL VARIANCE QUANTITIES) 
FOR SPECIFIED CROP PAIRS AND VALUES OF fl.· 
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Corn and Oats 
783 1584 724 1476 
1152
1 
1439 1157 1774 2234 3568 1767 974 1396 
701 1457 654 1354 1055 1331 1061 1063 2045 3245 1632 890 1278 
620 1330 584 1232 958 1224 964 928 1855 2921 1497 807 1161 
538 1202 514 1110 860 1116 868 842 1665 2597 1362 724 1044 
457 1075 443 988 763 I 1008 772 732 1476 2273 1226 641 927 
375 948 373 865 6661 901 675 621 1286 1950 1091 558 810 294 821 303 743 568 794 579 512 1096 1626 1 
956 474 693 
212 693 233 621 471 686 482 400 907 1320 821 392 576 
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Corn and Soybeans 
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.6 -54 1074 489 774 453 838 533 856 1600 962 1140 513 213 
.5 -83 937 407 707 410 755 422 763 1442 855 950 462 178 
.4 1 -111 801 325 640 367 672 311 671 1285 747 760 412 143 
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Corn and Hay 
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.7 777 1349 590 1338 1034 1168 831 1419 1841 3586 1453 338 1184 656 
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.4 323 7411 175 ,731 552 687 4211 762 891 1928 898 193 651 212 
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.2 1 20 336 -101 327 232 366 147 308 258 823 529 96 294 -18 
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Soybeans and Oats 
.9 302 16 44 169 1781 1581 1691 347 5261 1861 4[ 277 -50 
.8 -361 -23 24 -197 -222 -182 50 -438 -602 -232 -5 -324 -78 
.7 -421 -61 4 -225 -265 -206 -70 -530 -678 -279 -16 -371 -106 
.6 -480 -99 -16 -253 -3091-230 -190 -621 -755[-325 -26 -418 -134 
.5 -540 -138 -36 -281 -353 -2541 -310 -712 -831 -372 -351-465 -163 
.4 -599 -176 -56 -309 -397 -277 -429 -804 -907 -418 -45 -512 -191 
.1 -778 -291 -116 -392 -5281 -349 -78SI-I07L -11361 -5M __ ---=75 -6531-276 
.3 -659 -214 -76 -336 -440 -301 -549 -895 -984 -464 -55 -559 -219 
.2 -718 -252 -96 -364 -484 -325 -669 -986 -1051 -510 -65 -606 -248 
.9 
.8 
.7 
.6 
.5 
.4 
.3 
.2 
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Wheat and Hay 
2121 
1141 
161 
-821 
2091 
I 
1411 
741 
61 
1 ~180 1 -611 
1-=-~781 --1301 
I -3761 -;~ 
I -474\ -2651 
I -5731 -3311 
• The value of q refers to the proportion of resources devoted to the first mentioned crop of each pair. Variance figures 
are in thousands. 
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and hay-oats. Washington: corn-soybeans, corn-hay, soybeans-hay, and 
hay-oats. In Saratoga Township, Howard County, soybeans with corn 
present competitive choices throughout, and the farmer is faced en-
tirely with the question of whether to grow more corn and increase in-
come or to grow more soybeans and increase stability of income. The 
complementary range between corn and hay is short in this township, 
while it is quite long for corn and flax and hay and fiax. Similar rela· 
tionships can be noted for other soils and locations although the de· 
tails are not discussed in the text. Oats with corn presents competitive 
relationships in all townships with the question always being one of 
selecting between absolute variance and income. 
The data of previous tables and the nature of the curves presented 
include characteristics which are worthy of further analysis. These 
points are brought out more vividly in the data of table 41 which in· 
dicate the rate of change in variance which accompanies each unit 
change in q. the proportion of resources allocated to one of a pair of 
crops' The data have been derived by equation II of a previous section. 
In economics, this quantity or amount of change can be termed the mar-
ginal variance. As the data show, each successive unit-increase in q 
for the corn-oats combinations results in a greater and greater ad-
dition to variance. Starting from a q of .1 (10 percent of the entire 
acreage devoted to oats) for Lincoln Township, Montgomery County, 
a unit change in q causes variance to be increased by 289,000;' at a q 
of .2, 400,000 is added to total variance, while at .3, 512,000 is added. 
In this case, as was mentioned earlier, each successive increase in in-
come is accompanied by a greater addition to variance than in the 
previous instance. 
Where income is complementary with stability, each increase in q, 
starting from zero, results in a decrease in total variance (the sign 
of the marginal quantity is negative). However, a point is eventually 
reached where fUrther increases in q are accompanied by a more-than· 
proportional increase in variance and the variance figure becomes 
positive. 
VALUE OF q FOR MINIMUM VARIANCE 
The analysis above leads directly to specification of the crop com· 
binations, the values of q, which result in a minimum variability of 
income. These values of q are computed from equation III above and 
presented in table 42. The average income over time for this crop 
'combination which minimizes income variance is given in the lower 
one-half of the table. 
For combinations including corn and oats, variance is at a minimum 
when q is zero, i.e., with the entire acreage allowed to oats except for 
Lincoln Township, Montgomery County; 20 percent of given resources 
devoted, to corn and 80 percent devoted to oats minimizes variance for 
this location. As suggested previOUsly, variance is at a minimum with 
the full acreage allotted to oats because the level of income for this 
crop is low and even large percentage fluctuations in income add a 
small amount to absolute variance as compared to corn. As the income 
figures show, extreme sacrifices in income would be necessary if corn-
oats combinations which minimize variance of income were employed. 
Income per acre of oats is only $.12 at the Monona County location 
which includes Ida-Monona soils. While it is $11.44 at the Scott County 
location including Tama-Muscatine soils, it is less than one-third the 
$38.44 net income for corn, as a mean of the period. For these reasons, 
few farmers are likely to choose corn-oats combinations which minimize 
variance of income. Other crops are better adapted to this choice 
pattern. Consequently the major acreage of oats grown in Iowa, 
TABLE 42. VALUE OF q OR CROP COMBINATION AND LAND USE PATTERN TO MINIMIZE 
VARIANCE OF INCO~IE. * 
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Corn-oats 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 .2 I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I 
C'orn-soylJeans 
.S I 0.0 I 0.0 I 0.0 I 0.0 I 0.0 I - .1 I ii.o I 0.0 I 0.0'1 0.0 I 0.0 I 
Corn-wheat 
- I - I - I - I - I - I .1 0.0 I - 1·- I - I - I - I 
Corn-flax 
- I - I . .4 I .3 I - I .31 - - I - I - I .3 I I - [ 
Corn-hay .2 I 0.0 I .3 I 0.0 I 0.0 [ 0.0"[--.-1 0.0 I .1 I 0.0 I 0.0 I .1 I 0.0 I 
Oats-soYbean,; 1.0 I .9 I .7 I 1.0 I 1.0 I 1.01 - .8 I 1.0 I 1.0 I 1.0 1 .9 I 1.0 I 
Oats-wheat 
- I - I - I - I - I - I 1.0 .2 I - I - I - I I - I 
Oats-flax -- I - [ 1.0 I 1.01 - I 1.01 - -- I - I - I 1.01 - I - I 
Oats·hay .5 I .7 I .7 [ .7 I .6 I .8 I 1.0 .2 I .8 I .1 I 1.0 I .31 .8 I 
SoybeanH·wheat 
- I - I - I - I - I - [ - 0.0 I - I - I - I - I I 
Soybeans· flax 
-
[ - I .9 I 1.0 [ - [ 1.0 I - - I - I - I 1.0 I - I - I 
SO~'hcans-hay .2 I .5 I .7 I .:n .2 I .3 I 
-
.1 I .1 I 0.0 I .11 .2 I .11 
\Vhea t-hay 
- I - I - I - I - I I .7 .6 I - I - I - I I - I 
IClax-hay 
- I - I .7 I 1.0 I - I .8 I - - I - I - I .9 I - I - I 
Level of income when q is at level to minimize income variance (dollars) 
Corn-oats 253. I 544. I 260. I 305. I 267. 382. I 8. 359. I 294. I 6S7. I 290. 394. I 156. I 
Corn-soybeans S33. I 629. I 371. I 588. I 813. 536. I - 764. I 1028. 11231. I 809. 531. I 5S1. I 
Corn-wheat 
- I - I - I - I - - I 713. 585. I - I I - I I 
Corn-flax 
- I - I 645. 11189. I - 1185. I - - I - I - I 861. - I - I 
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Corn·hay 347. I 719. I 690. I 542. I 492. 659. I 759. 381. I 606. I 583. I 696. 580. I 558. I 352. 
Oats·soybeans 253. I 552. I 293. I 305. I 267. 382. I - 232. I 294. I 687. I 290. 40S. I 156. I 158. 
Oats-wheat - I - I - I - I - - I 8. 491. I I - I - - I I -
Oats-flax - I I 260. I 305. I 382. I I - I - I 290. - I - I -
Oats-hay 235. I 596. I 363. I 376. I 357. 437. I 8. 328. I 328. I 593. I 290. 460. I 236. I 219. 
Soybeans-whea t I I I I I 58'5. I - I - I - - I - I 
Soybeans-tlax - I - I 382. I 588. I - 536. I - I - I - I 809. - I - I 
Soybeans,hay 315. I 674. I 441. I 551. I 556. 622. I - 413. I 521. I 583. I 707. 497. I 560. I 340. 
\Vheat-hay I I I I I 695. 50:l. I I - I - I I 
Flax-hay I I 517. 11098. I 1123. I I - I - I 735. - I I 
-, 
-
• q refers to the portion of GO acres devoted to the first mentioned crop of each pair while the portion devoted to the 
second crop Is 1 - IJ. 
-.J 
o 
~ 
704 
whether with high or low returns, will be grown for rotational purposes 
and not because of their contribution to income and income stability.-
Except for a soybean-oats combination where most townships have 
a minimum variance with a zero bean .acreage, the pattern is quite 
different for other crop pairs. In Saratoga Township, Howard County, q 
is at'a minimum for corn-flax When a .4 portion of the land is devoted 
to corn; income is $645 for this combination but does not compare favor-
ably to the $1975 for 60 acres of corn alone. In Grand Meadow Town-
ship, Clayton County, the value of q denoting minimum income variance 
for the soybeans-hay pair is .5 and the corresponding income of $674 is 
only slightly less than for the $719 for 60 acres of beans and slightly 
more than the ,$'629 for 60 acres of hay. Pairs such as this serve 
optimally from the single standpoint of minimizing income variability; 
variance reduction can be obtained with little sacrifice in net income 
for the particular pair. Important income sacrifices are necessary. 
however, if the comparison is between corn and such crops ·as wheat 
or flax. While the variance of 60 acres of corn grown alone on this 
township of Galva-Primghar-Sac soils is 1,400 thousand, income from 60 
acres of corn averaged $1144 over the 32-year period. 
The minimum value of q in table 42 corresponds to the vertical or 
"turning point" on curves such as those presented. in figs. 4-17; the 
rate of change in the curve is zero at the point where the curve "turns" 
and thus denotes a marginal variance of zero. In combinations where 
competition alone exists, as in the case of corn-oats in Troy Township 
of fig. 4, variance is always minimum at the lowest point on the curve. 
The alloeative or cropping pattern which results in minimum variance 
differs between soils for similar crop pairs. For example. as is evi-
dent in table 42, income variance is at a minimum for corn and soy-
beans in Troy Township, Clarke County with 80 percent of the land de-
voted to soybeans; in Saratoga Township,. Howard County, the pro-
portions are .96 and .04 percent, respectively, while in Lincoln Town-
ship, Montgomery County, they are .9 and 0.1 percent. For soybeans-
hay in Saratoga Township and Cedar Township, they are 70 and 30 
percent and :to and 80 percent, respectively. In other words, soybeans 
are a crop with more stable yields and income in Howard County than 
in Lee County and if the farmer goal were alone one of minimizing 
income variance, altogether different proportions of soybeans and hay 
would be grown in the two areas. In Troy Township, Clarke County the 
minimum variance is denoted for oats-soybean combinations with a q 
value of _141 for oats while it is .682 in Saratoga Township. Hay yields 
are enough more stable than corn yields in Clarke County that only 18.7 
percent of the land devoted to corn for corn-hay combinations will 
minimize variance; with corn yields relatively more stable as com-
pared to hay in Howard County. 27.3 percent can be devoted to corn for 
minimum variance. . 
RELATIVE VARIABILITY OF INCOME 
Farmers perhaps are more interested in the relative variability of 
income than In absolute variance .. The reason for this interest has been 
explained partially In a previous section: A crop such as oats can be 
employed in the cropping system to reduce income variance but it also 
reduces income as compared with almost any other crop. Since both 
income and absolute variance are low for such crops as these, the 
possibU1ty that the relative variability of income (magnitude of vari-
ance relative to magnitude of income) is still great. This is the case 
with crops such as oats, and for the townships and solls represented 
.. For detalls on this aspect of rotation economics, see Heady and Jensen. 
op. cit. 
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Fig. 18. Production possibilities showing relatlonshin between level of 
Income and relative varlabillty of Income; GrundY, Halg and Shelby sOils; 
Troy Township. Clarke County. 
in tables 27·40, relative variablllty of income as expressed by the co· 
efUcient of variation is less for corn grown alone than for oats grown 
alone. In other words when the choice is between level of income and 
relative variability of income, all combinations of corn and oats, for 
the soil situations and locations studied, result in an increase in relative 
stability of income and an increase in level of income as resources are 
shifted from oats to corn. 
These statements are illustrated in figs. 18·31 where income is in-
dicated on the vertical axis and the coefficient of variation in percent 
(as an index of relative variability computed by dividing the standard 
deviation by the income) is indicated on the horizontal axis. In this 
case, the choices between income and relative variability which denote 
competition (one must be selected at the expense of the other) are 
represented by the negatively·sloped portion of the curves while com-
plementarity (both level of income and relative variability of income 
are increased or decreased at the same time) is denoted by the posi-
tively·sloped portion of the curves.81 In fig. 18, for example, choices 
involving cropping patterns which include corn and oats involve only 
complementarity; as resources are shifted from oats to corn, both level 
of income and relative stablllty of income are increased (Le .• the co· 
efficient of variation declines as resources are shifted from oats to corn 
as income is increased). On the other hand, a shift of resources from 
corn to oats results in a reduction of both level of income and relative 
stability (income decreases and the coefficient of variation increases). 
Accordingly, the farmer interested in relative stability of income as 
31 As In the case of figs. 4·17 the uppermost point on each curve In figs. 
18.31 represent production alone of the first·mentioned crop in each pair 
while the lowest point represents production alone of the second-mentioned 
crop. In-between points on the curves represent proportions of the crops 
denoted by the value of q for the crop pairs Indicated In tables 27-40. 
The curves in figs. 1S-31 have been drawn from the second and fifth col· 
umns for each crop pair indicated in tables 27·40. 
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well as level of income 
would be acting irra-
tionally if he did not 
shift from oats or any 
combination of oats and 
corn to corn alone over 
the range in which the 
two crops serve as com-
petitors in respect to 
total output. He would 
sacrifice in both level of 
income and relative sta-
bility of income if he 
shifted from corn to 
any combination of corn 
and oats." These state-
ments apply equally to 
all townships since corn 
and oats provide sets of 
complementary choices 
alone for all of the 
townships studied (figs_ 
17-31, inclusive). 
Crop pairs which dis-
p lay complementarity 
between income and va-
riance of income do not 
always display comple-
mentarity between in-
come and relative vari-
ability of income. In 
Troy Township, Clarke 
County, corn and soy-
beans have a short 
range of complementa-
rity between income and 
stability when the lat-
ter is expressed in va-
riance. (See fig. 4.) HO"'ever, the two crops are competitive alone when 
choice is between level of income and relative stability of income as re-
flected by the coefficient of variation. (See fig. 18.) In fig. 18, a shift 
from corn to soybeans results in a decrease in income and an increase in 
relative variability, starting from the highest point on the curve, which 
refers to corn alone, and ending with the lowest point on the curve, 
which refers to soybeans alone. In other words, the corn-soybean curve 
in fig. 4 has both a positive and negative sloped portion while the curve 
of 18 has only a negative slope. Similar differences also exist for other 
crops and other soil situations. 
'Where crop combinations include both competitive and comple-
mentary ranges, the value of q (the portion of resources devoted to 
eitner one of two crops) which minimizes relative variability of income 
also differs from the value of q which minimizes variance of income . 
•• By the competitive range we refer to combinations of the two crops where 
an Increase in total outJlut of one necessitates a decrease in total output of 
the other. This statement does not refer to possible combinations of the 
two crops where they are supplementary in the use of resources and an 
Increase in one does not reduce total output of the other or where they are 
complementary and an increase in total output of one also increases the 
total output of the other. Indirectly, oats may serVe as a complement to 
corn as they are used with legumes to increase forage stands and thus add 
nitrogen and organic matter to the soil. 
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$350; in fig. 18, the co-:: OATS-HAY~~. \ 
efficient of variation is 300 ..... 
at a minimum when in- OATS.SOYBEANSj·--· 0 
come is approximately 
$630. In terms of acre-
age combinations (see 
table 27), variance for 
corn-hay is at a mini-
mum in the same town-
ship with 20 percent of 
the land in corn while 
relative variability is 
at a minimum with 70 
percent of the land in 
corn. In comparing figs. 
20 and 6, we see that 
for Saratoga Township, 
income variance is at a 
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Fig. 20. Production possibilities showing re-
lationship between level of income and relative 
variability of income; Carrington (plastic till 
phase) and associated soils; Saratoga Town-
ship, Howard County. 
minimum for corn-soybeans when income is at a level of $'371, but rela-
tive variability is at a minimum when income is at a level of $684; in 
table 29, minimum variance is realized with zero portion of resources 
devoted to corn while relative variability is minimized with 60 percent 
of the resources devoted to corn." In the case of corn and flax at this 
same location, the acreage pattern which minimizes variance does not 
differ so greatly from the one which minimizes relative variability of 
income. Similar comparisons and contrasts can be made for other crop 
pairs and other soil t~'pes or locations. 
The production possibility curves expressing alternative choices be-
tween level of income and stability of income (as measured by relative 
variability) present some contrasts with the previous curves expressed 
in terms of variances. In Troy Township, oats and hay have a long 
range of complementarity; as resources are shifted from oats (the 
bottom point of the curve) to hay, large reductions can be made in 
relative variability While a small gain can be made in income. How-
ever, as the "turning point" of the curve denoting a minimum coefficient 
of variation Is attained, further shifts in resource use allow only slight 
gains in level of income as a large addition is made in relative varl-
.. The exact values of q (the proportion of acreage devoted to specified 
crops) to minimize the coefficient of variation have not been computed in 
the manner of table 42 for Income variance. However, a rough Indication 
of the cropping pattern which gives a minimum coefficient of variation can 
be obtained for each crop pair In tables 27·39. 
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. Fig. 21. Production possibilities showing re-
lationship between level of Income and relative 
varlablllty of income; Clarion, Nicollet and 
Webster soils; Harrison Township, Kossuth 
County. 
ability at the point 
where hay alone is pro-
duced. In this township. 
only hay is complemen-
tary with corn while 
the pairs oats-soybeans 
and soybeans-hay also 
have ranges of competi-
tion and complementa-
rity in choices between 
level of income and rel-
ative variability of in-
come. In Grand Meadow 
Township, only the crop 
pairs corn-hay, hay-soy-
beans, oats-soybeans and 
hay-oats have a range 
of complementarity. In 
this township. like most 
others, corn not only 
represents the high-in-
come crop but also the 
product with the lowest 
relative variability of 
income. In Saratoga 
Township, corn-hay is 
also complementary and 
a combination of the 
two crops can reduce 
the coefficient of varia-
bility by much more 
than in Grand Meadow . 
(The corn-hay curve 
has a greater "bow" to 
the left for Saratoga 
Township.) Flax-soy-
beans, soybeans-oats, 
haY-flax, hay-soybeans, soybeans-oats, hay-flax. hay-soybeans and corn-
soybeans are pairs with lower coefficients of variation when grown in 
combination than when grown alone, i.e., the curves always have a posi-
tive slope as well as a negative slope. Statements similar to those 
above can be made about the Clarion-Webster soil location in Kos-
suth County. Too, a cropping pattern including soybeans alone results 
in a much greater coefficient of variation and only slightly more in-
come than an allocative pattern including mainly hay and a small 
amount of soybeans. In Cedar Township of Lee County, only the three 
pairs corn-hay, soybeans-hay and hay-oats have ranges in which it is 
possible both to increase income and to reduce the relative variability 
of income by shifting to a combination of the crops (in contrast to 
producing the low-income choice alone). In Logan Township as an 
average over time, returns and relative variability have been low for 
flax and the flax-hay curve has both a positive and a negative slope. 
In Jordan Township of Monona County, wheat income has been 
relatively high compared with corn income, and a combination of the 
two crops allows a lower relative variablllty than if each is grown 
alone. Also, hay and wheat fit well together from the standpoint of 
relative variability. The fact that the three curves corn-hay, corn-wheat 
and wheat-hay are curved indicating a gain in stability through di-
versification while all three give relatively high incomes suggests that 
the three can be· fash. '"00 
ioned into a profitable 1400 
rotation for the soil 
studied. The choices 1>00 
open to farmers in reo 
spect to level of income 1000 
709 
and relative variability OON'H.'.:._.,; 
of income are similar in II co 
the :Marshall soils of 
Montgomery County to 
those of other loca· 
tions; starting with a 
low·income crop such as 
oats, level of income 
and relative variability 
of income both can be 
increased by shifting to 
1000 
.00 
oco 
700 \. 
....... i 
occ any other one of the 
crops mentioned. (This 
fact can be denoted by 
the negative sloping 
curves in all cases.) 
Starting from hay 
alone, income can be 
increased and the co· 
efficient of variation reo 
duced by shifting some 
resources to soybeans;' 100 
'\ 
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at some point, however, 
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o 
the choice must include 
a higher level of in· 
come at the expense of 
relative stability of 
income. (The curve 
"bends" and takes on a 
positive slope.) The 
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Fig. 22. Production possibilities showing reo 
lation~hlp iletween level of Income and relative 
variability of income; Grundy and Halg soils; 
Cedar Township, Lee County. 
same statement applies to the hay·wheat pair, The curves for the 
remaining townships can be interpreted similarly. In most cases corn 
gives relatively high income and relatively great stability in income. 
In many cases, greater income can always be obtained at the same time 
as greater stability of income. For other crop pairs, however, choice 
mllst be made between level of income and relative stability of income, 
and the optimum selection will depend on the capital, equity and other 
resources and abilities possessed by the individual operator. 
Again it can be said that few farmers are interested in selecting 
level of income or relative Variability of income at the expense of 
each other. Generally the problem is one of selecting the optimum 
combination of the two with the exact pattern depending on the opera· 
tor's capital and equity position and his preference for and ability to 
withstand risk·taking. Specialists in agriculture have little basis for 
specifying, in terms of soil conservation or income considerations 
alone, a particular rotation or cropping system for the farmer without 
considering the degree of risk or income variabilit~· involved. The 
more nearly correct procedure should be one of outlining the choices 
open which relate level of conservation and income to variability of 
income and letting the farmer select the combination which fits the 
combinations peculiar to himself. The data presented above can serve 
this purpose for the "typical situations" selected to represent par· 
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ticular soil and climatic 
situations. While both 
sets of variability data 
have a place in these 
comparisons and choices 
the relative variability 
measures are of greater 
use than those on abso· 
lute variance. The im· 
plications of this state· 
ment are partially ap· 
parent from the com· 
parisons above which 
show that a minimum 
coefficient of variation 
allows a greater acre· 
age of high·income 
crops and a higher level 
of income than mini· 
mum variance. 
Fig. 23. Production 
possibilities showing reo 
lationship between level 
of Income and relative 
variability of income; 
Moody and associated 
soils; Logan Township, 
Lyon Countv. 
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Fig. 24. Production possibilities showin~ relationship between level of 
Income and relative variability of income; Ida. Monona and Napier soils; 
Jordan Township. Monona County. 
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MINIMUM INCOMES IN SINGLE YEARS 
The analysis of the preceding section dealt with diversification or 
cropping patterns which minimize the variance of income. Diversi-
fication may also be practiced to minimize the probability of losses, 
bankruptcy or income below family-living and debt retirement levels 
in individual years. This is the notion expressed by farmers and 
agriculturists when they suggest that "one should not put all his eggs 
in one basket." The farmer can view incomes from distinct enter-
prises as different observations drawn from a single population of 
possible incomes. By increasing the number of observations or income-
enterprises even though these are highly correlated on prices and also 
on yields, he will reduce to some extent the chance of a major loss 
from only one or a few enterprises. While the combination which re-
sults in a minimum variance of income may also be the one which has 
the lowest minimum income in anyone year, the two need not be co-
incident. 
Tables 43 and 44 have been prepared to show the effect of crop com-
binations' on averting low incomes in single years. Table 4.3 shows 
the lowest income in anyone year of the 3'2-year period for the 
single crops and pairs of crops at the locations included. Combi-
nations include 30 acres 
of each cl'op. In the 
case of corn·oats combi-
nations, the minimum 
income of anyone year 
is greater than that for 
either crop taken alone 
for all but six locations. 
For other scattered 
combinations, minimum 
income of anyone year 
is increased, as com-
pared to either crop 
alone, for the soil loca-
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crop, has the effect of 
lowering minimum in-
comes because of the 
relatively low correla-
tion of incomes between 
hay and other products. 
Fig. 25. Production pOSSibilities showing reo 
lationshlp between level of Income and relative 
variability of income; Marshall and associated 
soilS; Lincoln Township, . Montgomery County. 
'J'ABLE 43. "!IIlNDI1Hr INC011E PER ACRE IN A;\;Y UNE YEAR, SINGLE CROPS AND CROP PAIRS .• 
--
Township 
>. 
<1> 
Crop 01' oj 1':,:: r::: r::: Ul tl: '" OJ: 0 combina- btl .~~ r::: '" r::: (OJ gr::: '0 0 tion '0 0 0 
'" 
r::: r::: o.:.E 0 '0 r::: .. r::: ... 
" 
;a .~ 0 (OJ >. r:::'O f ... ", " t'b '0 " .. 0 ".>: 'C 
.. .., 
;;2 (OJ 0 (OJ (OJ "'., '0 
'" 
r:::obtl 0::-
'" 
(OJ "'r::: Po 
'" 
... '" (OJ (OJ ° 
'" 
0 0 ·~O .<: 
'" 
(OJ,,, (OJ Po 
Eo< O~ U1 iI1~ 0 ...:l ~ ~~ ...:lP-< U1 p:j iI11Y1 0 ~ 
Corn -10.70 -1.72 -4.20 -fi.77 -4.01 -6.92 -G.49 -4.95 -6.76 -2.84 -6.52 -4.65 -5.68 -5.64 
Oats -3.65 -2.25 -5.14 -3.72 -3.72 -4.92 -4.62 -4.12 -4.10 -2.33 -4.58 -4.99 -5.00 -6.24 
SoylJeans -3.74 - .58 -4.25 -4.99 -4.20 -3.87 xx -2.96 -4.08 -2.14 -3.21 -2.99 -5.74 - .24 
"Wheat xx xx xx xx xx xx -5.52 -3.11 xx xx xx xx xx xx 
Flax xx xx -4.96 - .27 xx xx xx xx xx xx xx xx xx xx 
Ha~' -5.81 -7.22 -7.57 -4.87 -6.02 -3.18 -4.11 -8.22 -7.09 -4.66 -6.14 --5.62 -5.58 -5.08 
Corn·oats -7.80 -1.22 -2.84 -4.52 -3.66 -5.16 -5.54 -4.54 -5.10 -2.87 -4.54 -4.08 -5.12 -4.84 
Corn-
soy"beans -7.20 -1.15 -3.25 -4.84 -4.10 -2.10 xx - .52 -2.55 -2.49 -3.36 -3.82 -5.71 -2.94 
Corn-wheat xx xx xx xx xx xx -5.79 -3.42 xx xx xx xx xx xx 
Corn .. flax xx xx -3.46 -3.02 xx 0.02 xx xx xx xx -5.12 xx xx xx 
Corn-hay -8.26 2.02 -2.54 0.08 -2.88 -3.62 -1.68 -2.68 -1.70 -1.32 -2.68 -1.10 -1.70 -4.34 
Oats-
soybeans -4.38 -1.30 -4.70 -3.32 -3.76 -1.48 xx -3.98 -1.52 -2.24 - .88 -3.75 -5.46 -4.81 
Oats-wheat xx xx xx xx xx xx -5.01 -3.30 xx xx xx xx xx xx 
Oats-flax xx xx -4.50 -1.77 xx -2.67 xx xx xx xx -6.56 xx xx xx 
Oats .. ltay -5.36 -3.86 -6.36 -1.48 -4.74 -5.45 -4.04 -5.63 -2.70 -1.54 -5.36 -5.31 -5.16 -6.9U 
Soybeans-
wheat xx xx xx xx xx xx xx -2.17 xx xx xx xx xx xx 
Soybeans-
flax xx xx -2.38 -1.20 xx .90 xx xx xx xx - .88 xx xx xx 
SovlJeans-
hay -4.78 -2.80 -5.91 -4.57 -1.11 -2.26 xx -6.06 -5.58 -1.20 .66 -2.32 -2.95 -4.86 
'Vheat-flax xx xx xx xx xx xx xx xx xx xx xx xx xx xx 
'Vheat-hay xx xx xx xx xx xx -2.71 -1.21 xx xx xx xx xx xx 
Flax-hay xx xx -5.24 1.16 xx 2.94 xx xx xx xX -7.34 xx xx xx 
• Based on 'h acre devoted to each crop for crop pairs and 1 a~re for single crops. The figures indicate the lowest net income 
in any single year of the period included. 
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TABLE 44. l\UNIl\lUl\I INCOME PER ACRE IN ANY ONE YEAR UNDER THREE-CROP COMBINATIONS, 1/3 ACRE 
DEVOTED TO EACH CROP. 
Crop 
combina-
tion 
Corn-oats-
>. 
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E-t 
soybeans -6.95 
Corn-oats-
wheat xx 
Corn-oats-
flax xx 
Corn-oats-
hay -7.14 
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wheat I xx 
Corn-
soybeans-
flax I xx 
Corn-
soybeans-
hay 1-6.75 Corn-wheat-
hay xx 
Corn-!Iax-
hay xx 
Oats-
soybeans-
wheat I xx 
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:-:;oybeans-
flax I xx 
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soyheans-
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Fig. 26. Production possiblli-
ties showing relationship between 
level of income and relative vari-
ability of income; Charlton. Nicol-
let and Webster solls; Lincoln 
Township, Polk County. 
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Fig. 27. Production possibili-
ties showing relationship between 
level of income and relative vari-
ability of income; Tama. Musca-
tine and Garwin SOils; Sheridan 
Township. Scott County .. 
Three-crop combinations are slightly more effective in putting a 
floor under income than are two·crop combinations as can be illus-
trated in table 44. For example, in Sheridan Township, the pairs corn-
soybeans, corn-hay and soybeans-hay have minimum incomes of -$2.49, 
-$1.32 and -$1.20; under the three·crop combination, minimum in-
come of anyone year is +$'.15. Even then it can be pointed out that 
In many cases, three-crop combinations do not lessen the loss over 
single crops. This aspect of diversification Is likely less important than 
many farmers think it to be. 
INTRA-ROTATIONAL EFFECTS ON VARIANCE 
The nature of the data presented above does not fully account for In-
tra-rotational effects of crop combinations on Income variance. This' 
is true since the data are not drawn from distinct rotations. Crops 
grown in rotation, as compared to those grown alone, may not only re-
sult in lower income variance because of the tendency of random yield 
and price fluctuations of single crops to offset each other when grown 
in combination but also because one crop may contribute a factor which 
helps stabilize the yield of another. Hay, for example, is important 
from the first standpoint because Its income variability Is not so closely 
correlated with that of most other crops. It can also be important 
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Fig. 28. Production possibilities showing relationship between level of 
Income and relative variability of income; Galva and Primghar soils; Read-
ing Township, Sioux County. 
from the second standpoint since the nitrogen and organic matter 
which it furnishes to subsequent grain crops grown in rotation may re-
duce yield variability of the latter. 
The analysis of previous pages shows the effect of crop combinations 
on income variance when they might be grown on the same farm but 
not necessarily in rotation with one following the other. We now ex-
amine the effects of combinations when the crops are grown together in 
rotation. Only scattered data are available for these comparisons since 
they must be drawn from long-time rotations. The only rotation data 
in Iowa meeting these requirements are those on Clarion-Webster soils 
at Ames for a period beginning in 1915 and those on Marshall soils at 
716 
Clarinda for a period beginning in 1933. Interpretation of these results 
follows: 
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The main effects of 
rotations on income va· 
riability come through 
yield variability. Some 
rotations may cause 
more variable yields of 
the individual crops 
than other rotations as 
well as affecting income 
variability through crop 
combinations. At these 
locations the introduc· 
tion of meadow into 
the rotations increased 
the variability of corn 
and oats yields.·o Va· 
riability of hay yields 
on the agronomy plots 
was much the same for 
all rotations containing 
hay. Available infor· 
mation indicates that 
data from actual rota· 
tions would lead to 
nlore accurate measures 
of Variability by the 
mean square deviation 
for crops in rotation. 
However, grain yields 
were also greater when 
hay was included in the 
o I rotation. Therefore, va· 
o 60 1OCOE':'~"NTog. VA~~TlO~I'~ 'E~~~NT 1)0 140 100 riabiUty of yields reI· 
ative to the mean yield 
need not be affected in 
the same way. Esti· 
mates of the crop yield 
variability relative to 
Fig. 29. Production possibilities showing reo 
lationshlp between level of income and relative 
variability of income; sandy' loam soils; Hal'. 
rison Township, Benton County. 
the mean yield are pre· 
sented in table 45. Differences are probably no greater than are to be 
expected as chance variation between plots. Also, some local soil dif· 
ferences between rotations are confounded with rotation effects. 
Thus, while more data, when it becomes available, might bring out 
other variability differences caused by rotations, present information is 
inconclusiVe. 
TABLE 45. COEFFICIENTS OF VARIATION FOR CROP YIELDS IN 
VARIOUS ROTATIONS ON THE AMES EXPERIMENTAL PLOT. 
Crop Corn Oats ~Ieadow 
I~" Rotation c c·o Ic.o.m Ic.c.o.m c·o Ic.o.m Ic.c.o.m c·o·m Ic.c.o.111 Coef. of 
val'. 24.0 26.9 31.0 22.6 31.0 36.1 25.5 66.3 62.4 
Source: Jensen. (See footnote 34, below.) 
•• Jensen, Harald R. Economics of crop rotations. Unpublished Ph.D. thesis. 
Iowa State College Library, Ames, Iowa. 1960. 
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POLICIES AND ALTERNATIVES IN REDUCING 
INCOME VARIABILITY 
As the early sections of this report indicate, the primary production 
of Iowa agriculture is subject to important net income instability. 
While the degree of variability differs between primary crops and lo-
cations, income variance is still great for those with the smallest 
relative variability. While this report does not deal with livestock, 
instability in primary production also gives rise to instability in 
secondary production in a livestock economy such as Iowa where live-
stock output is highly dependent on crop output. 
This study has related to only one individual farm policy or pre-
caution to uncertainty, namely, diversification. It is apparent that at-
tainment of income stability /through this avenue involves a less effi· 
cient use of resources than would otherwise be necessary. Inefficiency 
is reflected to the individual farmer through the profit which he must 
sacrifice as he Bubstitutes a low·return crop for a high·return crop in 
order to lessen variability of income; while there are crops which re-
Bult both in greater income and less variance of income as they are 
substituted for others, these crops are not commonly the ones which 
bring maximum returns 
from given cost or re-
source outlays. Society 
also sacrifices in total 
welfare since wherever 
the farmer must sacri-
fice value of product to 
attain stability of re-
turns, the community of 
consumers is, as re-
flected through the low-
er value product, ob· 
taining less of those 
products to which they 
attach greatest esteem 
and values. 
GOALS IN FAR:'IIER 
EDUCATION 
Mankind can do little 
to eliminate those ma-jor variations in pro-
duction and, hence, in 
income that stem di-
rectly from predictable 
and unpredictable vari-
ations in weather and 
other acts of nature. So-
ciety can exercise some 
precautions which off-
set the income effects 
of major fluctuations in 
yield and production. 
Steps may also be taken 
which lessen the im-
pacts of major econom-
ic variables on farm in-
come. Currently, it does 
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Fig. 30. Production possibilities showing re-
lationship between level of income and relative 
variability of Income; river bottom solis; Oak-
land Township. Louisa County. 
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Fig. 31. Production posslb1l1Ues showing relationship between level of 
Income and relative variability of income; Seymour, Edina and Shelby soils; 
Washington Township, Appanoose County. 
not appear that the adverse effects of those instability forces which 
are both endogenous and exogenous to agriculture will be eUminated 
in the near future. Thus, given the great degree of income varia-
bility involved in a state such as Iowa, stable farming patterns become 
an intermediate goal of farming which should be recognized in the edu-
cational efforts of land·grant colleges. Since farmers must select be-
tween competing alternatives whIch involve more income or greater 
stability of income, educational efforts need to be directed along lines 
which help farmers make efficient choices. Cropping patterns which 
maximize yields per acre, or even those which maximize farm income 
over time, are unlikely the immediate goal of many farmers. Instead, 
they wish to seek out cropping patterns which allow efficient combina-
tions of level of income and stability of income. Additional resources 
in both research and education should be devoted to this aspect of 
choice. 
NATIONAL POLICIES 
While only one farmer-policy has been examined in this study, the 
use of diversification in crop production as a tneans of reducing in-
come variability, it has been shown that the alternatives here often 
are attained only with great sacrifices in income or are attained only 
in small degree. Some of the greatest opportunities for handling the 
Variability problem fall at the national level and require economic 
policies of a large scale. A later empirical study wlll show how these 
can be interrelated with the aspects of income variability outlined 
earlier in this study. 
719 
APPENDIX A. 
TOWNSHIPS IN THE 50.TOWNSHIP SAMPLE 
TABLE I. FIFTY SAMPLE TOWNSHIPS IN FIVE AREAS OF IOWA. 
Township 
Richland 
Marcus 
'Villow 
Battle 
Harrison 
Cass 
Grant 
Ingraham 
Red Oak 
Lincoln 
Douglass 
Linn 
Grant 
Jackson 
Bristol 
Dodge 
Hudland 
Estherville 
Garfield 
Ell 
Logan 
Vernon 
Clear Lake 
Sherman 
Grant 
Delaware 
Fairfax 
Chickasaw 
Niles 
Hartland 
Bennezette 
Adams 
Area I 
County 
Lyon 
Cherokee 
Monona 
Ida 
Harrison 
Shelby 
Cass 
Mills 
Montgomery 
Adams 
Union 
Warren 
Area III 
O'Brien 
Sac 
Greene 
Guthrie 
Clav 
Emmet 
Kossuth 
Hancock 
Calhoun 
Humboldt 
Hamilton 
Hardin 
Story 
Polk 
Area V 
Linn 
Chickasaw 
Floyd 
Worth 
Butler 
Delaware 
Township 
Ward 
Guilford 
Jackson 
Wyacondah 
Center 
Area II 
County 
Clarke 
:\Ionroe 
Wayne 
Davis 
',"apello 
Area IV 
Black Oak 
Scott 
Washington 
Washington 
Grant 
Cedar 
Plank 
Port 
Bloomington 
Fremont 
Table Mound 
Highland 
Grant 
Mahaska 
Henry 
Marshall 
Grundy 
Poweshlek 
Benton 
Keokuk 
Louisa 
:\[uscatlne 
Cedar 
Dubuque 
Clavton 
'Ylnneshiek 
APPENDIX B. 
LIMITATIONS IN THE USE OF THE COEFFICIENT OF 
VARIATION 
While the coefficient of variation as a measure of variability (dis-
persion relative to the mean) is useful to indicate the degree of un-
certainty attached to vlft"ious crops, it has certain limitations which 
should be mentioned. Three cases of variability or "expected outcomes" 
(i.e., in the subjective sense of anticipation) are presented to illus-
trate this point: In case I (fig. a) no particular limitations are in-
volved in the use of the coefficient of variation as a measure of vari-
ability and "degree of risk." (The distributions are symmetrica1.) 
The crop represented by frequency distribution B would be chosen even 
though the absolute dispersion is the same as that of A.l Since the 
1 Costs are an exception since the farmer Is Interested In minimizing cost 
per given output. 
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lowest observation in B lies above the highest in A, higher yields, prices 
or income (whichever the distribution represented) would always be 
expected even if planning were in terms of the lowest possible outcome. 
The symmetrical distribution with the greater mean presents, in this 
case, relatively less "risk," i.e., the average or most probable event 
may be discounted relatively more and still permit a more favorable 
expectation than in the case of the product with the lower mean. 
Case II, a situation where the means are the same but the absolute 
dispersion differs, also allows use of the coefficient of variation as an 
indicator of uncertainty of particular outcomes. With symmetrical 
distributions the smaller coefficient of variation (dispersion relative 
to the mean) indicates a range of outcomes more closely distributed 
about the mean and therefore involves less uncertainty in predicting 
expected outcomeS. 
Case III (fig. a), where neither the means nor the absolute dis· 
persions (variances) are the same, presents additional possibilities in 
measurement: (1) B's variance may be smaller than A's but its mean 
may be larger; (2) both the mean and dispersion of crop B may be 
larger than for crop A. The first situation (case III a) offers no dif· 
nculties. Crop B would have a greater mean, smaller coefficient of vari· 
ation and less absolute dispersion than crop A. The second situation is 
shown in case III b where the variance and the mean of crop Bare 
both larger than for crop A. This situation causes greater difficulty 
of interpretation of variability than previous cases; although the co· 
efficients of variation are the same, crop B presents less risk in the 
sense of loss possibilities since a greater profit can be expected with 
certainty even though the variance is larger than for A. Case III c 
CASE I 
AA 
50 100 
CASE n 
~A A=;; 
50 • 100 SO 100 
eVA> eVa 
CASE m c 
75 JOD 
FIg. A·1. 
presents a still more 
difficult case because of 
the "overlapping" of the 
distributions. In the 
classical concepts of un· 
certainty crop A in· 
volves less uncertainty 
in the sense that the 
range and variance are 
smaller. However, again 
the farmer's capital po· 
sition may affect his de· 
cision; he may wish to 
raise crop Beven 
though its coefficient of 
variation may be the 
same as A's because it 
offers greater possibili· 
ties of higher returns 
with only a small prob. 
ability of lower returns. 
On the other hand, a 
man with a very low 
equity may choose A; 
although the probabil· 
ity of a relatively high 
return is small, there 
is little chance of ex· 
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tremely low returns. Where the farmer wishes to exercise great pre-
caution in planning (i.e., wishes to select crops with low probabilities 
of losses or small returns even though the possibility of very high 
returns is excluded) the coefficient of variation does not serve effi-
ciently in aiding his choice if the situation is that of case III. The 
distributions must be examined in light of the degree of overlapping. 
For nonsymmetrical distributions, additional complications arise in 
interpretation of the variance and even the coefficient of variation as 
reflections of the uncertainty involved. If the frequency distributions 
of incomes differ between crops (some skewed to the right, some to 
the left and/or some bi-modal) the coefficients of variation are not 
comparable since the direction and amount of skewness may differ be-
tween crops. On the other hand, if all the distributions are of the 
same type, e.g., skewed to the right in approximately the same magni-
tude, the comparisons discussed above for symmetrical distributions 
still have application. For identical distributions, probabilities are 
equal for outcomes falling in an illterval of a standard deviation about 
the mean; since they are "distributed in a similar manner, the dis-
persion relative to the mean (coefficient of variation) still serves as 
a meaningful estimate of variability. These and other qualifications 
should be kept in mind when using the statistics representing variance 
and other measures of dispersion in the text to suggest "degree of 
risk" involved in different c"rops. 
APPENDIX C 
Since crop combinations in the text include pairs only, the statistics 
of table 1 have been provided for three crops. The three crops included 
are corn, oats and hay since these are the chief rotational crops on all 
arable soils of Iowa. In constructing these figures from previous 
equations, q refers to the proportion of land in corn while the pro-
portion in oats and hay is .5(1-q) for each. Hence, the acreage of hay 
and oats is always the same for the figures shown in table 1. With 60 
percent of the resources used for corn, for example, 20 percent is used 
for oats and 20 percent is used for hay. Most of these data show that 
a combination of oats and hay with corn would have minimized relative 
variance of income in the past. Also, except in Troy Township, a re-
duction in the coefficient of variation is always associated with a re-
duction in level of income_ In most townships, a 4·year rotation of 
C-C·O-M with 50 percent of the land in corn, more nearly than other 
"standard rotations," would minimize relative income variance" Of 
other standard rotations (those most commonly recommended to 
farmers) a C-O·M rotation with about one-third the land for each crop 
would seem in about second place for minimizing income variability. 
APPENDIX C. TABLE 1. LEVEL Ol? INCOME AND COEFFICIENT OF VARIATION FOR INCOME WITH SPECIFIED 
COl\lBI",,"ATIONS OF CORN. OATS AND HAY. 
----- .. _-- --- ---
--
Troy Twp. Lincoln Twp. G. Meadow Twp. Lincoln Twp. 
Proportion land (Clarke Co.) (Montgomery Co.) (Clayton Co.) (Polk Co.) 
In corn I I I I Income C.V. Income C.V. Income C.V. Income C.V. 
100 865 
·1 
96.6 1335 81.3 1888 I 61.7 1875 I 67.7 90 802 96.4 1226 82.3 1762 
I 
61.7 1725 67.7 
80 739 96.3 1118 83.5 1637 61.8 1576 67.8 
70 676 96.7 1009 85.2 1511 61.9 1426 I 67.8 
60 613 I 97.4 900 87.5 1385 62.2 1277 I 68.1 
50 550 I 98.8 792 90.9 1260 ·62.9 1127 I 68.7 
40 487 
\ 
101.4 683 , 95.9 1134 I 63.9 978 I 69.9 
30 424 106.1 574 I 103.8 1008 I 65.7 828 I 72.1 20 361 I 114.4 465 116.8 883 6S.7 679 I 76.6 10 298 129~2 358 I 140.2 757 I 73.7 529 I 85.9 0 235 156.8 248 188.9 632 I 82.2 379 , 107.5 
Saratoga Twp. Sheridan Twp. Harrison Twp. Reading Twp. (Howard Co.) (Scott Co.) (Kossuth Co.) (Sioux Co.) 
Income I C.V. Income I C.V. Income I C.V. Income I C.V. 
100 892 I 85.7 2282 I 71.5 1401 I 75.6 1145 , 103.3 90 846 83.5 2117 70.9 1303 74.9 1079 I 101.9 80 800 I 81.2 1953 I 70.3 1205 I 74.2 1014 100.5 70 754 I 79.0 1788 69.6 1108 I 73.4 949 98.9 60 70S I 76.9 162~ 68.8 1010 I 72.6 884 I 97.2 50 662 I 75.2 1459 68.1 912 I 71.8 819 I 95.5 
40 616 I 74.0 1294 I 67.3 815 I 71.2 7-54 I 93.8 
30 570 I 73.7 1129 I 66.7 716 I 71.1 689 I 92.2 
20 524 I 75.1 964 I 66.6 619 I 71.8 623 I 91.0 
10 478 I 78.9 799 I 67.6 521 I 74.6 558 I 90.6 
0 432 I 86.2 635 I 71.7 424 I 81.9 493 I 91.8 
"" 
"" 
'" 
TABLE 1. (Cont'd.) 
Proportion land 
Cedar Twp. (Lee Co.) 
in corn I Income C.Y. 
100 . 1288 I 76.0 
90 1197 I 74.7 
80 1106 I 74.6 
70 1015 I 74.4 
60 925 
I 
74.4 
50 834 74.6 
40 743 75.2 
30 652 76.6 
20 561 I 79.4 
10 470 I 84.8 0 379 95.6 
JOrdon Twp. (Monona. CO.) 
Income I C.Y. 
100 1011 I 90.9 
90 947 I 89.9 80 883 88.9 
70 819 I 87.9 
60 754 I 87.0 50 690 86.2 40 626 85.8 
30 562 
I 
85.9 
20 498 87.3 
10 434 90.9 
0 369 98.5 
Harrison Twp. (Benton Co.) 
Income I C.Y. 
1396 
I 
69.0 
1300 68.7 
1205 68.6 
1109 68.5 
1014 68.7 
918 I 69.1 
823 I 70.1 
721 I 72.0 
632 I 75.4 536 81.5 441 92.6 
Washington Twp. (Appanoose Co.) 
Income I C.Y. 
641 I 109.8 599 108.6 
551 107.6 
514 106.6 
472 105.9 
430 105.8 
388 106.5 
346 108.8 
303 113.8 
261 123.5 
219 141.4 
Logan Twp. (Lyon Co.) 
Income I C.V. 
1059 I 105.0 
1005 I 103.5 
951 I 101.9 
89.7 I 100.4 843 98.9 
789 I 97.2 
736 , 95.7 
682 I 94.5 628 93.8 
574 I 93.9 
521 I 95.4 
Oakland Twp. (Louisa Co.) 
Income I C.Y. 
1317 I 77.9 1221 77.6 
1125 I 77.4 . 
1029 I 77.2 933 77.1 
837 I 77.3 
741 I 77.9 
645 I 79.4 
549 I 82.4 
453 I 88.6 
357 I 101.6 -> 
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